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ABSTRACT

Author: Beach, Jeremy, J. PhD
Institution: Purdue University
Degree Received: December 2017
Title: Border Relations: A Bioarchaeological Investigation of the Xiongnu Polity.
Major Professor: Michele Buzon

The Xiongnu were the first mobile pastoralist steppe polity to rise up from the Mongolian
Steppe. Previous scholarship attributed the emergence of the Xiongnu to their peripheral location
and interactions with sedentary China. It was argued that a polity the size of the Xiongnu could
not be sustained on a pastoral economy, therefore they turned their attention to interactions with
China to fuel their economic and political growth outside of the steppe. This line of thought has
come to be known as Dependency Theory and food was at the center of this dependency
argument. The expansion of a pastoral economy past its own borders was tied to the Xiongnu’s
ability to acquire additional agricultural resources from China through trading and raiding. The
current study takes a different approach, arguing that the pastoral economy of the Xiongnu was
capable of facilitating their growth and expansion. To test this hypothesis the dietary patterns of
two time periods (Late Bronze-Early Iron Age and Xiongnu Period) were tested using dental
microwear texture analysis, the amount dental macrowear, and frequency dental pathological
conditions. Any fluctuation in the data between these two periods of time suggest the Xiongnu
consumed different types or amounts of food from the Late Bronze-Early Iron Age (a time of
supposed little interaction between steppe populations and China). Ultimately, no differences
were seen between the two time periods.
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CHAPTER 1. INTRODUCTION

Our two great nations, the Han and the Xiongnu, stand side by side. Since the Xiongnu dwell in
the north, where the land is cold and the killing frosts come early, we have decreed that our
officials shall send to the Shanyu each year a fixed quantity of millet, leaven, gold, silk cloth,
thread, floss, and other articles. –Records of the Grand Historian (Watson 1993: 146)

1.1

Introduction

Inner Asia and the Mongolian steppe has a long history associated with the rise and fall
of mobile, pastoral polities. Whether it was the Turks during the 6th through 8th centuries AD or
the Mongols during the 13th and 14th centuries AD, these polities have their origins in the steppe
environment of Inner Asia. However, the Xiongnu (~500 BC - AD155) were the first polity in
this region described by Chinese historians (most notably in the Records of the Grand Historian
by Sima Qian [Watson 1994]). These documents give us a brief glimpse, albeit extremely
Sinocentric and biased, into the economic, political, and cultural structuring of the first mobile
pastoralist polity in Inner Asia. Using these texts, we can glean two important themes. First is the
supposed significance of interactions between people from the Mongolian steppe and
populations of dynastic China. In these historical documents, Chinese historians often describe
these exchanges as troubled and, more often than not, pugnacious. The influx of material culture,
in particular, agricultural products, from China to the steppe is a second subject often viewed as
pivotal in the growth of the Xiongnu. It is the interplay between these two themes that will
become the crux of the arguments made throughout the course of this dissertation: what role, if
any, did Chinese agricultural foods play in the development of the Xiongnu polity?
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When comparing the histories of Inner Asian mobile societies to one another, several
characteristics begin to emerge. First, the “lifespan” of these polities is relatively short and rarely
exceeds more than 200 years. These political organizations have a period of power expansion
within the steppe of Inner Asia, engage and interact with their sedentary neighbors, and then
culminate in a period of rapid decline in political sovereignty. Second, the ebb and flow of
mobile political power coincide with the fluctuations of political power in sedentary agricultural
communities, specifically Dynastic China (Barfield 2001). Finally, historians and anthropologists
have described the interactions between steppe pastoralists and Chinese agricultural communities
in myriad different ways, usually within the context of strained relations and contemptuous
behaviors directed at each other. At best, the exchanges between mobile and sedentary
communities were described as tenuously peaceful and contingent on treaty negotiations and
tributary payments; at worst, relations were tumultuous and typified by raiding and warfare (Di
Cosmo 2002).
These points are of particular importance because it has led to a discussion about the
function agricultural goods and sedentary states play in the socio-political and economic
development of mobile pastoral groups in Inner Asia and across the world, thus creating a
simplistic divide between the “steppe and the sown” (Peake and Fleure 1928). This dialogue has
facilitated the expansion of Dependency Theory, a body of literature based on Sinocentric
ethnohistoric documents (Lattimore 1940, Khazanov 1984, Jagchid and Symons 1989, Barfield
2001, Kradin 2001). For example, the Xiongnu period is typically linked with augmented
interactions between Inner Asian pastoralists and sedentary agricultural communities in China.
Since the Xiongnu were the first mobile pastoralist polity to emerge from the Mongolian steppe,
many researchers have attributed their economic and political growth to connections and inter-
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regional trade with the Chinese state, specifically the Qin and Han Dynasties. However, an
upsurge of anthropological research in Mongolia over the past two decades (Honeychurch and
Amartuvshin 2007, Houle 2009, Miller 2009, Machicek 2011, Johannesson 2011, Brosseder
2015, Joseph 2016) has considerably expanded archaeological understanding of the Late BronzeEarly Iron Age (1200-300 BC). The introduction, acceptance, and proliferation of mobile
pastoralists characterize this period of Inner Asian prehistory, along with limited interactions
between these population and their sedentary neighbors along China’s northern border. This
research has led many archaeologists to conclude that mobile pastoralists during the Bronze and
Iron Ages were more politically, economically, and socially complex than previous thought. This
emerging research has caused many archaeologists to call into question the validity of
dependency theory (Honeychurch and Amartuvshin 2007, Honeychurch et al. 2009, Houle 2009,
Miller 2009, Hanks 2010, Di Cosmo 2015, Brosseder 2015, Honeychurch 2016).
This dissertation offers insight into the origins of political power among mobile pastoral
communities and their interactions with sedentary agricultural societies. The past two decades of
archaeological research has expanded and intensified in Mongolia and shifted outside of the
sphere typologies and cultural history of Soviet-influenced archaeology (Hanks 2010). However,
while some archaeologists have addressed dependency theory, very few researchers (Eng 2007,
Machicek 2010, Machicek and Zubova 2012) have attempted to address these questions via a
bioarchaeological approach (i.e., the use of biocultural evidence and multidisciplinary methods
to deal with complex issues) (Buzon et al. 2005). My research will focus on this deficiency by
comparing various skeletal indicators of diet and health from two different time periods in
Mongolian prehistory: the Late Bronze-Early Iron Age (1200-300 BC) and the Xiongnu Period
(~500 BC-AD 155). These time periods were selected to compare an era traditionally
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characterized by mobile pastoral economies and little interaction with sedentary China (Late
Bronze-Early Iron Age) with a time of augmented interaction between pastoralists and
agriculturalists and supposed integration of agricultural foods (Xiongnu Period). This
comparison will test what, if any, role agricultural products played in the diet of the Xiongnu.

1.2

Bioarchaeological Approach to Research Questions

The intent of this dissertation is to examine what role subsistence, food, and cultural
interactions/exchanges played in polity formation during the Mongolian Bronze and Iron Ages.
My research uses a bioarchaeological approach to address this question. According to Buzon and
colleagues (Buzon et al. 2005), biological information is used in conjunction with archaeological
data, theory, and methodology to deal with questions about past populations. This study utilizes
several categories of dental data (pathological conditions, macrowear, and microwear) to assess
subsistence practices during the transition from the Late Bronze-Early Iron Age (1200-300 BC)
into the Xiongnu period (209 BC-AD 155); a time noted for sociopolitical unrest and change. My
analyses will delve into how dietary research can elucidate information about the roots and
mechanisms of political power among mobile pastoralists and their interactions with sedentary
agriculturalists.
The bioarchaeological methods implemented throughout this dissertation are used to
draw direct correlations between observable dental features and the types of foods consumed by
archaeological populations. The data gathered from this research are used to explore whether the
Xiongnu’s interactions with China had such a profound impact on their diet that it may have
positively influenced their ascent to power in Inner Asia. Ultimately, this study will use
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bioarchaeological information to critically examine dependency models that assume the only
plausible way for pastoralists to sustain a sizeable, mobile polity is through continued
interactions with sedentary communities.

1.3

The Current Study

I collected data for this dissertation from 166 individuals that date to the Late BronzeEarly Iron Age (n=65) and the Xiongnu periods (n=101). These data were subsequently analyzed
to ascertain any possible correlations between observed osteological and dental features and the
known impacts diet can have on the human body (e.g., dental caries, rates of wear). All samples
were excavated in Mongolia during various periods of the 20th century and represent individuals
from a wide range of different ecological areas. These areas include, but are not limited to Egiin
Gol, located in the forested taiga of the north, Hovd in the mountainous west, and Baga Gazaryn
Chuluu in the desert steppe. The broad sampling of this study allowed me to test for the
possibility of fluctuating rates (potentially linked to dietary changes) of dental pathological
conditions, macrowear, and microwear across a wide-ranging spectrum of time and space in
Mongolian prehistory.
Using data collected from the osteological collection at the National University of
Mongolia (Ulaanbaatar, Mongolia) I argue that the rise of the Xiongnu polity was much more
politically and economically complex than previous scholars have suggested (Lattimore 1940,
Khazanov 1984, Jagchid and Symons 1989, Barfield 1989; 2001, Kradin 2001). More
specifically, I contend that the growth of the Xiongnu was not linked to the consumption of
foods produced by agriculturalists. My research will build off the growing body of
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archaeological literature that proposes the social, political, and economic development of Inner
Asian polities were not contingent on interactions with sedentary populations during the
Mongolian Iron Age (Rogers 2005, Miller, 2009, Houle 2009, Johannesson 2011).

1.4

Structure of the Dissertation

This dissertation is divided into eight chapters. Chapter Two broadly defines the area of
study and provide a brief cultural history of the populations that have inhabited Inner Asia during
Mongolia’s Bronze and Iron Ages. This chapter presents a contextualization of the history and
interactions of mobile pastoralists from the Mongolian steppe and sedentary agriculturalists from
various areas around China. Finally, this chapter provides a baseline for comparison by
describing the foodways of these populations. This comparison serves to highlight why some
anthropologists have argued that mobile pastoral peoples depended on sedentary communities
for the acquisition of goods that were thought to be antithetical/contradictory to a pastoralist
subsistence strategy. Chapter Three provides the theoretical underpinnings of my research. In
this chapter, I also discuss previous theoretical models of dependency in regards to the
consequences they present in the formulation of the social, political and economic complexity of
mobile pastoralist groups.
Chapter Four describes and compares the distribution of sampled skeletal materials into
time period, age, and sex categories. Chapters Five, Six, and Seven independently present
analyses, results, and brief discussions concerning the various forms of data collected for this
dissertation. Each of these chapters compares the results of data gathered from Late BronzeEarly Iron Age and Xiongnu samples and discuss the implications for the diet of these
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populations, especially as they relate to polity formation. Chapter Five focuses on information
collected using dental microwear texture analysis (DMTA), a methodology used to analyze and
compare changes to the occlusal surface texture of a tooth during mastication. Chapter Six
addresses the results of macrowear data by comparing the Late Bronze-Early Iron Age and
Xiongnu samples through the lens of significant demographic and social distinctions. In Chapter
Seven, I discuss how dental pathological conditions (antemortem tooth loss [AMTL] and dental
caries) are used to recognize differences in subsistence strategies over time.
Finally, Chapter Eight synthesizes and contextualizes all the data presented in Chapters
5-7. I specifically discuss how these data are utilized in conjunction with each other and address
how the results can be used to assess the hypotheses presented throughout my research. The
conclusion of this dissertation addresses how the dietary data I have collected are used to address
the growth and expansion of the first mobile polity in Inner Asian history. Additionally, I
examine how other forms of biological data (e.g., age and sex) can be used to gain a better
insight into the socioeconomic and political idiosyncrasies of the Xiongnu polity.
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ENVIRONMENTAL AND CULTURAL CONTEXT

In burials the Xiongnu use an inner and an outer coffin, with accessories of gold, silver, clothing,
and fur, but they do not construct grave mounds or plant trees on the grave, nor do they use
mourning garments. When a ruler dies, the ministers and concubines who were favored by him
and who are obliged to follow him in death often number in the hundreds or even thousands. –
Records of the Grand Historian (Watson 1994: 137)

2.1

Introduction

Inner Asia and Mongolia sit at the confluence of many different cultural, political, and
economic influences (Atwood 2011, Sabloff 2011, Honeychurch 2016). These competing
variables have presented a problem for many scholars trying to establish any continuity in past
and present cultural traditions, economic modes of production, the influence of outside cultures
on mobile communities, or the creation of political entities (Barfield 1993, Sneath 2007, Atwood
2011, Sneath 2011). Therefore, when discussing matters of polity formation or the dietary
patterns of prehistoric Inner Asian populations, many different contributions and influences
should be taken into consideration.
In the past two decades, academic models have shifted considerably in Mongolian
archaeology as the influences of Western academic traditions have slowly started to take root in
the interpretation of Inner Asian prehistory (Hanks 2010). Traditionally, scholars have viewed
Mongolia as a marginal steppe environment that was unsuitable and incapable of sustaining
polities based on pastoral economies, let alone influencing the sociopolitical and economic
decisions of agriculturally based empires like the Qin and Han Dynasties of China. Marxist
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influence, in particular evolutionary schemes that champion agricultural societies over pastoral
ones regarding complexity, have continued to skew and bias empirical interpretation. Mobile
pastoralist communities from the Mongolian steppe and sedentary China have often been framed
as opposites regarding geography and politics (Lattimore 1940, Jagchid and Symons 1979) or
based on their economic modes of production (Barfield 1989). The steppe and the sown have
been viewed as geographic and economic dichotomies - places separated by ecology, geography,
and modes of production (Peake and Fleure 1928; Lattimore 1940) or through more symbolic
means, such as the construction of monumental structures (Di Cosmo 2006). Recent
archaeological research in Inner Asia has tried to separate itself from this dichotomous approach
and has begun to focus on studying these populations as agentive entities that direct their actions
and are beyond the influence and control of sedentary agricultural communities (Houle 2009,
Honeychurch and Amartuvshin 2006).
The following chapter will address many of the important themes discussed throughout
this dissertation. The topics covered in this section will examine a broad range of subjects from
geography, to the historic dietary patterns of Inner and East Asian populations and their
physiological manifestations. These themes are meant to lay the framework for the data and
discussion that I will present throughout this dissertation.

2.2

Chronology of Cultures from Inner Asia

Human populations have long occupied Inner Asia (Table 2.1). However, critical here is
the production of power and polities—a process that started during the Late Bronze Age. Over
the course of Mongolian prehistory, there has been an ebb and flow of empires that emerged
from the steppe environment along China’s northern frontier, namely the Xiongnu, Turk, Uighur,
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Kitan, Mongols, and Jurchen. Many common characteristics tie these polities together. At the
heart of many of these polities are economic modes of production based on animal herding and a
mobile lifestyle. The origins of these cultural lifestyles date back to the transition from the hunter
and gatherers of the Mesolithic-Early Neolithic (10,000-6000 BC) to the Eneolithic period
(6000-3500 BC). During this transitional period, there is growing archaeological evidence for the
domestication of the horse in Inner Asia (Anthony and Brown 1991, Anthony and Brown 2000,
Anthony 2007). Archaeological evidence indicates that throughout the Bronze Age (3500-300
BC) the horse and other herd animals were adopted as integral components to the sociopolitical
and economic lifestyles of steppe populations, with the horse specifically being essential to
herding as well as acting as a status and prestige marker. This cultural trait is evident from
various forms of archaeological data that include settlement patterns (Honeychurch and
Amartuvshin 2007), the construction of large stone features known as khirigsuurs (Frolich et al.
2008), and the analysis of burial contexts (Minyaev 2007). It is not until the Late Bronze AgeEarly Iron Age, however, that Mongolian populations widely adopted mobile pastoralism as the
predominant mode of economic production and subsistence (Hanks 2010). Following the Late
Bronze-Early Iron Age, there are periodic examples of short lived (usually no longer than 200
years) mobile polities that begin with Xiongnu and continue until the fall of the Manchu in the
early 20th century. The underlying characteristics that tie all of these polities together are their
pastoral economies and a close-knit, albeit tumultuous, relationship with the agrarian Chinese
state.
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Table 2.1 Chronology of Human Occupation of Mongolia Steppe (after Hanks 2010)

2.2.1

Time Period

Date Range

Upper Paleolithic

46,000-10,000 BC

Mesolithic-Early Neolithic

10,000-6000 BC

Neolithic-Eneolithic

10,000-3500 BC

Bronze Age

3500-1200 BC

Late Bronze-Early Iron Age

1200-300 BC

Xiongnu Period

209 BC-AD 155

Archaeological Context

2.2.1.1 Bronze-Early Iron Age (3,500 – 300 BC)
Several socioeconomic features become prominent during the Bronze and Early Iron
Ages of Mongolia. Arguably, one of the most important features to emerge during this period is
the development and expansion of nomadic pastoralist subsistence patterns (Frachetti 2009;
Hanks 2010). In Mongolia, in particular, archaeologists have identified three distinct
archaeological features that are closely associated with the Bronze Age (Allard et al., 2006;
Houle 2009). First, deer stones (Figure 2.1) are vertical stone stelae of varying size and adorned
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Figure 2.1 Deer Stone (Photograph courtesy of K. Bryce Lowry)
with stylistic representations of horned ungulates, geometric patterns, and even anthropomorphic
characteristics (Fitzhugh 2009). A second archaeological feature that typifies this era of Bronze
Age Eurasia is known as a slab burial (Figure 2.2). These are interments lined with large pieces
of stone that jut above the surface of the ground. According to Allard and Erdenebaatar (2005),
grave goods can come in many forms from ceramics to bronze tools and weaponry. Lastly, the
most visually impressive and imposing archaeological feature is known as a khirigsuur (Figure
2.3).
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Figure 2.2 Iron Age slab burial (Photograph courtesy of K. Bryce Lowry)

Figure 2.3 Khirigsuur (Photograph courtesy of K. Bryce Lowry)

2.2.1.1.1 Khirigsurrs
While archaeologists still debate the exact nature of khirigsurrs, there is growing
consensus that these archaeological features are somehow tied to the ritual behavior of
populations living during the Mongolian Bronze Age (Frohlich et al., 2005; Wright 2007;
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Honeychurch et al., 2009; Allard 2005). Data for this suggestion come from two primary forms
of research: archaeological excavations of khirigsuurs throughout Mongolia and
ethnoarchaeological data focused on the use of horses among living nomadic pastoralist
populations. These data sources are explored in greater detail later in this chapter. Finally, while
a robust chronology is needed by the archaeological community in Mongolia, some baseline
studies have been conducted. Studies by both Frohlich and colleagues (2008) and Fitzhugh
(2009a) both produced dates between 15000-700 BC, not only placing khirigsuurs well within
the Mongolian Late Bronze-Early Iron Age but coinciding with the emergence of pastoralism in
the region (Allard and Erdenebaatar 2005).
I begin this discussion by addressing the archaeological evidence for khirigsuur
construction, and its relationship to ritual practices. These monuments are constructed using a
standard set of architectural forms but vary considerably in size and form. Several distinct
features describe a khirigsuur (Wallace and Frohlich 2005; Wright 2007; Honeychurch et al.
2009):
1. The central mound of a khirigsuur is composed of many large and irregular stones piled
on top of each other.
2. A rectangular or circular “fence,” usually one course high, is found surrounding the
central mound. Square or rectangular fences are often oriented north-south with the
longer sides facing east and west. Smaller mounds or uncarved stelae are located at each
of the four corners of the rectangle. Also, the eastern facing wall is usually slightly larger
than the western wall prompting Allard (2005) to suggest that khirigsuur builders
constructed these monuments while concentrating on the easterly orientation, with the
discrepancy taking place due to a trompe-l’oeil effect.
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3. Sometimes a pathway can be found connecting the outer fence and central mound.
4. Smaller satellite mounds (.5-1m in diameter) are often placed around areas adjacent to the
khirigsuur. In most cases, satellites are consolidated on the eastern aspect of the
khirigsuur but can be found on all sides.
Allard and Erdenebaatar (2005) noted in their survey of the Khanuy River Valley in
Mongolia’s Arkhangai aimag that khirigsuurs ranged in size from about 10 meters up to roughly
40 meters, while Wright (2006) have noted khirigsuurs that cover 100 meters. However, the
underlying form of the khirigsuur remains relatively homogenous with little variation between
large and small khirigsuurs.
The incorporation of faunal remains in the various features of a khirigsuur is another
interesting feature of their construction. According to Allard and colleagues (2007), it is quite
common that circular satellites at the periphery of the khirigsuur will contain some cremated
animal remains or even equid skeletal elements. Among these remains, the skull and cervical
vertebrae were the most common form of remains found, followed by the distal phalanges of the
foot. Allard and colleagues’ (2005; 2006; 2007) extensive research on khirigsuurs in the Khanuy
River Valley have led them to make several generalizations about their construction (Allard et al.
2007).

1. Of the 25 excavated satellite mounds, every single one contained some horse remains,
most typically the skull and one or more cervical vertebrae. Interestingly, the vertebrae
where always found in correct anatomical order, but never in the proper position at the
base of the skull. Allard and colleagues assumed that the vertebrae were removed from
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the neck and placed alongside the head while the ligaments were still attached. This
information was inferred by the proximity of the vertebrae to each other.
2. There is abundent evidence that the orientation of the skulls in the satellite burials had
some significance. Twenty-four out of the 25 horse crania were oriented facing due east
(90° from the north) to the southeast (135° from the north). The lone skull that did not
follow this pattern was oriented northeast at 75° from the north.
3. Also worth noting is the demographic composition of the horse remains. The sex of the
animal did not seem to be a contributing factor to selection since there appeared to be an
even distribution between males and females. However, the age of the animal may have
been a contributing factor since roughly 60 percent of the remains represented were under
the age of four years old, while another 33 percent were older than 15 years.

According to Allard and colleagues (2007), these findings are consistent with other khirigsuurs
excavated in central Mongolia. One major difference between this study and other studies
conducted on khirigsuur monuments is the inclusion of radiocarbon dates. Through the use of
horse teeth, it has been established that the equine remains were deposited between 1200 to 800
B.C. (Allard et al. 2007). These dates were remarkedly important since the Mongolian
archaeological record, until relatively recently, has seen a modest amount of research attempting
to establish a firm chronological understanding of these archaeological features (Houle 2009).
What is important to note about these dates is that they demonstrate a consistent and
standardized pattern of ritual practice occurring over a period of several hundred years in central
Mongolia, a pattern that appears to be consistent in other areas of Mongolia as well during the
Bronze Age.
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While faunal remains are a near ubiquitous feature of khirigsuurs, the presence of human
remains continues to be an attribute that divides the archaeological community. Data from the
Egiin Gol region of northern Mongolia found that roughly 60% of excavated khirigsurrs
contained no human remains (Honeychurch 2009), thus promting some researchers to suggest
that these monuments were cenotaphs (Wright 2007). Early excavations by Allard and
Erdenetaatar (2005) attributed a ritualistic comonent to khirigsuurs based on ethnoarchaeological
data (outlined above), their astrological alignment, and the placement of horse heads wihin the
monuments. Recent studies, however, seems to indicate that khirigsuurs may well be primary
interments. Frohlich and colleges (2008) found distributions of age and sex within well defined
burial shafts in khirigsurrs from the Khovsgol region of Mongolia. Both the study by Frochlich et
al. (2008) and a subsiquent study by Littleton (2012) attribute poor preservation and looting to
the lack of human osteological remains in some khirigsuurs. Littleton even goes to far as to say
that some of these monuments may contain false burial chambers, acting as a deterant to
potential looters and thus producing false results by some archaeologists.

2.2.1.1.2 Deer Stones
Deer stones are stelae that dot the Mongolian landscape and contained carved
zoomorphic and/or anthropmorphic imagry. Unlike khirgsuurs and slab burials (discussed
below), archaeologists have not found human osteological remains associated with deer stones.
However, anthropomorphized imagry is a common motif found carved onto the relief surfaces of
these stelae. Fitzhugh (2009b) interpreted the stelae containing human images as representations
of well known individuals. The association of these anthropomorphized deer stones to
khirigsurrs prompted Legrand (2006) to suggest a potential connection between these Bronze
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Age Mongolian populations to communities further to the north. Additionally, Legrand noted
similiarities between the construction elements of khirgsurrs and burials constructed by the
Karasuk culture of Russia. This possible connection was also observed by Fitzhugh (2009b)
when he noted stylistic similarities of knives found around the torsos of anthropomorphized
stelae in Mongolia and the knives excavated from Karasuk sites.
Zoomorphic imagery is also commonly found carved onto deer stones (seen in the
background of Figure 2.1). Hence these stelae often refered to as deer stones. The position of the
deer on deer stones is relatively static across geographic space. Often the animal appears to be
running or in mid-leap because the head depicted in a backward postion with the legs bent (see
Figure 2.1) (Jacbson 1993, Fitzhugh 2009b). Outside of occasional horse head offerings (Taylor
2016), little archaeological evidence appeas in assocation with deer stones. However, the
appearances of intentionally placed horse heads in both deer stones and khirigsurrs, in additonal
to spatial relationship, indicated a close relationship between the two monuments (Fitzhugh
2009, Fitzhugh and Bayarsaikhan 2011).

2.2.1.1.3 Shape and Slab Burials
The third and final Late Bronze-Early Iron Age monument are shape and slab burials.
Victor Volkov was the first archaeologist to excavate Ovorkhangai aimag and describe shape
burials (Figure 2.4) in the late 1960s and early 1970s. Typically constructed using stone slabs
sunk into the ground, the outline of a shape burial resembles an hourglass (Volkov 1995). While
some have argued (Tsybiktarov 2003) that shape burials are nothing more than misshapen Iron
Age slab burials (described below), radiocarbon dates from shape burials in the Bayankhongor
aimag returned dates between 1400-1200 BC, well within the Late Bronze Age (Kovalev and
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Erdenebaatar 2009). Johannesson (2011) found that the unique construction of the shape burial
lasted until at least 800 BC.

Figure 2.4 Bronze Age shape burial (Photograph courtesy of K. Bryce Lowry)

Slab burials (Figure 2.2) were built in much the same way shape burials were, with large
stone slabs buried in the ground to form the outline of the interment. The biggest difference
between the two monuments is the overall burial shape created by the stone slabs. Whereas shape
burials took on an hourglass shape, slab burials are rectangular (Honeychurch 2004). As noted
above, given the close visual similarities some archaeologists suggest that shape and slab burials
are one in the same. However radio carbon dates from slab burials place these features between
800-500 BC, within the Early Iron Age (Honeychurch 2004). Given the dates of the slab burials,
this evidence indicates a degree of overlap between slab burials and the deerstone-khirigsurr
complex.
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2.2.1.2 Xiongnu Period (209 BC – AD 155)
From a historical perspective, much of the information academics have about the
Xiongnu comes from texts written by Chinese sources about their northern neighbors. Many of
these texts view pastoral cultures through the lens of a Sinocentric perception. For example, the
“Records of the Grand Historian” by Sima Qian quoted throughout this dissertation, were written
specifically as chronicles for the court of the Han Dynasty. Often the tone used to describe the
Xiongnu is less than flattering, but the records do provide a detailed account of the Xiongnu
culture, its political and military structure, and their interaction with Dynastic China. Take, for
example, the following passage from “The Records of the Grand Historian.”
When Maodun came to power, however, the Xiongnu reached their peak of strength and
size, subjugating all of the other barbarian tribes of the north…As a result of this, it is
possible to give an account here of the later Xiongnu rulers and of the offices and titles of
the nation. Under the Shanyu are the Wise Kings of the Left and Right, the left and right
Luli kings, left and right generals, left and right commandants, left and right household
administrators, and left and right Gudu marquises. The Xiongnu word for “wise” is
“tuqi”, so that the heir of the Shanyu is customarily called the “Tuqi King of the Left”.
Among the other leaders, from the wise kings on down to the household administrators,
the more important ones command 10,000 horsemen and the lesser ones several
thousand, numbering twenty-four leaders in all, though all are known by the title of Ten
Thousand Horsemen. (Watson 1993: 136)
Here Sima Qian describes in great detail the political and military organization put into place
under Maodun, the first Shanyu (leader) of the united Xiongnu. The accounts of the Chinese
historians go on to detail and monitor the various military actions taken by the Xiongnu along the
northern frontier border of China and described raids that took place in Chinese towns and
markets. The Han Emperor Gaozu, his generals, and their armies were seemingly helpless to
quell the invations, because of the Xiongnu’s horse-borne tactics they could rapidly attack,
strike, and retreat to the steppe before the Chinese military could do anything to stop them
(Christian 1998; Barfield 2001; Golden 2011). This historical detail will become important when
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I discuss Dependency Theory in Chapter 3 because as Christian (1998:192) points out, the
Xiongnu undertook these actions to gain access to prestige goods and foodstuffs (items they
supposedly did not produce for themselves) to maintain their power. Finally, in 198 BC Emperor
Goazu, attempting to suppress Xiongnu raids, entered into a heqin (peace agreement) with the
Shanyu (Golden 2011). Once again, the “Records of the Grand Historian” describe this event.
Gaozu therefore dispatched Liu Jing to present a princess of the imperial family to the
Shanyu to be his consort. The Han agreed to send a gift of specified quantities of silk
floss and cloth, grain and other food stuffs each year, and the two nations were to live in
peace and brotherhood. After this Maodun raided the frontier less often than before
(Watson 1993: 139).
This event marked the emergence of the first polity from the Mongolian Steppe, based on a
herding economy, and receiving tributary payments from the Chinese state. Also, the Shanyu
was (supposedly) seen as an equal with the Han emperor, the “Son of Heaven” (Golden 2011).
Over the course of the next 60 years, the pact was renegotiated 10 times (Christian 1998), often
due to a resurgence of Xiongnu incursions into Chinese lands. This information has prompted
scholars such as Barfield (2001) to suggest the Xiongnu used the tactic of trading and raiding as
a manipulative strategy to ratchet up Chinese tributary payments that were used to sustain their
polity.
While the history of the Xiongnu is well documented and comprehensively detailed in
historical texts, the material culture left behind by this society is more ephemeral (i.e., finding
and documenting a culture/society that supposedly does not put down roots “is difficult?”) and
not as well understood. Part of this reason may be that archaeological research into the Xiongnu
period is still in its developmental stages, recently branching out into isotopic research,
subsurface survey, and artifact composition (Honeychurch 2013). Archaeological research in
Mongolia has principally focused on the mortuary practices of the Xiongnu, using
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grave/cemetery construction, osteological analysis, and the description of grave goods to
describe their society. According to Joseph (2016) there are more than 100 documented Xiongnu
cemetery sites scattered throughout all of Mongolia, most containing between 10 and 15 burials.
Finally, according to Honeychurch (2006) analyses of these Xiongnu cemeteries have given
archaeologists insights into the social and hierarchical structuring of the Xiongnu.

2.2.1.2.1 Xiongnu Burial Types
Until recently, the archaeology of the Xiongnu period has primarily focused on the
excavation and interpretation of funerary features (Hanks 2010). In general, there are two
categories of Xiongnu interments: conventional “ring” burials and elite tombs. These two forms
vary widely regarding associated funerary goods and the size/construction of the inhumation.
On the ground surface a Xiongnu ring burial (Figure 2.5) is typically a circular outline
constructed from stone. While the overall size of the circle can vary, typically the diameter of the
circle can reach up to 14 meters, and the burial depth typically ranges between one and four
meters from the soil surface to the bottom of the burial chamber (Honeychurch 2013). The burial
position can vary to slight degrees, but in most cases, the individual is found prone and
surrounded by a cyst constructed from stone slabs, sometimes interred in a wooden coffin (Miller
2009). However, it is not common to discover that the outline of the burial chamber is either
completely absent or sometime constructed of wood. Funerary goods buried with an individual
also very greatly, but typically include objects like pottery vessels and animal remains.
According to Miller (2009), this type of burial was most common between the second centuries
BC to AD. Grave goods vary, but most common are the remains of both domesticated and wild
animals (e.g., sheep, goat, and horse crania), metal objects such as weapons and bronze mirrors
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and belt buckles (Linduff 2008), ceramic artifacts, and imported goods from a wide variety of
locales (e.g., China and the Mediterranean) (Lankton et al. 2012; Honeychurch 2013).

Figure 2.5 Xiongnu Ring Burial (Photograph courtesy of K. Bryce Lowry)

The second type of Xiongnu interment, elite tombs, are drastically different than ring
burials, are less common, and are massive in scale. According to Honeychurch and Amartuvshin
(2006), elite burials consist of a rectangular surface mound oriented north-south and is
constructed from stone and earth and ranges in size from 16 to 22.5 meters on one side. The
height of the mound varies from 0.5 to 1.95 meters from the modern ground surface. On the
south aspect of the burial, there is a sloping entryway that leads from the soil surface to the
central burial chamber and can extend as far as 22 meters. The depth of the burial pit can vary
but is typically 10 or more meters deep. Elite burials are most commonly dated between the first
centuries BC to AD (Joseph 2016). The burial is usually constructed out of two wooden (inner
and outer) chambers (Honeychurch 2013). The inner chamber housed the remains of the interred
in a decorated wooden coffin and surrounded a wide variety of burial goods (described in more
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depth below). Finally, researchers have documented satellite graves associated with Xiongnu
elite burials (Miller 2008; Jones and Joseph 2008). Not every elite burial has an associated
satellite, it is not an uncommon occurrence. Satellites are buried in a north-south orientation and
may or may not contain a stone cyst that protrudes above the ground, thus facilitating
identification (Miller 2008; Jones and Joseph 2008).
Noyon Uul is a well-known and documented Xiongnu cemetery and an excellent instance
(albeit extreme) of the extravagance of elite burials, their construction, and associated artifacts.
Located 80 kilometers northwest of Ulaanbaatar, the Noyon Uul site was first excavated in the
1920 by Kozlov. The largest of the burials had an inner chamber that measured 13 meters wide,
12 meters long, and nine meters deep (Atwood 2004). The grave goods contain an array of
artifacts sourced from various points around Eurasia, alluding to the wide-reaching extent of the
Xiongnu’s connections and foreign relations (Atwood 2004; Honeychurch and Amartuvshin
2006). Silk, bronze mirrors, ceramics, jade, and lacquer ware of Chinese origins were excavated
by archaeologists (Atwood 2004). This evidence is relatively unsurprising, given these are
mentioned frequently in texts by Chinese historians as part of the tributary payments sent by the
Han Dynasty to the Xiongnu. Other material evidence points to connections further
geographically removed than China. For example, tapestries, glass, beads, wood cloth, and
embroideries originated from areas such as Bactria, Syria, and Sogdiana (Atwood 2004;
Honeychurch and Amartuvshin 2006). Ring burials at Noyon Uul burial goods commonly found
in this burial type all throughout Mongolia, including metal arrow points, various types of horse
riding accoutrements (i.e., bridles, saddles), clothing, and knives (Joseph 2016). Finally, a
ceramic vessel was excavated by Rudenko (1962) that contained the remnants of cereal grains,
suggesting that agricultural foodstuffs were somehow making their way to the Xiongnu.
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The archaeology of Xiongnu burial contexts portrays a picture of a highly structured
society that is more politically and economically complex than suggested by dependency theory.
The assemblages found in Xiongnu elite burials indicate that the individuals buried in these
tombs had access to objects not found in the common “ring” burials.

2.3

Geography and Ecological Areas

Since the Shanyu has just conquered the Yuezhi and is riding on a wave of victory, he cannot be
attacked. Moreover, even if we were to seize the Xiongnu lands, they are all swamps and saline
wastes, not fit for habitation. It would be far better to make peace. – Records of the Grand
Historian (Watson 1993: 141).
Describing Mongolia’s physical place in Asia (e.g., East Asia, Central Eurasia) has been
problematic for academics working in the country because it sits at the confluence of many
different geographic, cultural, and political borders. Therefore, Mongolia does not quite fit into
many pre-existing geographical labels (Figure 2.6). For example, applying the term East Asia (a
term typically reserved for Japan, China, and the Korean Peninsula) is problematic because of
the drastic differences between the climatic and geographic environments of the steppe versus
Eastern China or Japan. At a glance, Central Eurasia may seem to be fitting with its longstanding tradition of mobile pastoralism. But one must consider the taiga environments of
Northern Mongolia’s border with Siberia or the arid desert steppe. Di Cosmo (2002) and Atwood
(2011) point out that currently the term “Central Eurasia” has taken on an utterly different
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meaning and describes countries that were allied with the USSR during the 20th century (e.g.,
Kazakhstan, Uzbekistan, Turkmenistan, Tajikistan, and Kirgizstan).

Figure 2.6 Position of Mongolia in relation to neighboring countries

Needless to say, this issue had led to an abundance of different terminologies used by
Mongolian scholars to describe Mongolia’s place in the Eurasian continent on an ad hoc basis
(Di Cosmo 2002). Based on several factors, I have elected to use the term “Inner Asia” for this
research. First, many scholars use this term when studying the interaction between the Chinese
state and Mongolian pastoralists (Lattimore 1940; Di Cosmo 2002; Miller 2009). Second, since
Mongolia rests at the confluence of many different geographical areas, it seems fitting to use a
term that is broad enough to encapsulate this diversity but is also sufficiently narrow to describe
the general location of the area under investigation. It comprises the steppe, desert, and taiga
environments of Mongolia, but also includes the northern frontier regions of China that have
become the focus of conflict and confrontation between mobile and sedentary communities (Eng
2007).
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2.3.1

Geography of Mongolia
In 1990, the Academy of Sciences of the Mongolian People’s Republic (MPR) broadly

divided Mongolia into four separate environmental zones that run roughly east to west
(Shahgedanova 2003). In the northern zone, forested environments that border Siberia, which
provide an excellent area to hunt and pasture animals like reindeer, characterize the environment
(Barfield 1993, Di Cosmo 2002). South of this forrested area, the steppe is the next setting one
encounters. The eastern portion of the steppe zone is a dry steppe that gradually gives way to
desert steppe in the west. Higher mountainous areas characterize the western part of the steppe
zone that alternate between forest-steppe and mountain steppe. The rising elevation of the
Mongolian steppe culminates in the west around the Altai Mountains and marks the traditional
ecological, political, and cultural boundary between the populations living in the Turkic steppe
and the Mongolian people (Barfield 1993). South of this is a zone of desert-steppe (including the
northern limits of the Gobi Desert). Finally, the southernmost ecological region of Mongolia is a
desert environment.

2.4

2.4.1

Previous Research on Mobile Pastoralism

Definitions of Mobile Pastoralism
Given the distinct differences of sedentary and mobile lifestyles, one may assume that

these differences are easily identified in the archaeological record. While this may be true in
certain contexts, one must have a firm understanding of the populations that they are studying. In
the case of nomadic populations, we must acknowledge that not all mobile groups are the same.
Archaeologists have described many different types of mobile populations, from hunters and
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gatherers to mobile pastoralists. Communities of pastoralist lifestyles have received quite a bit of
attention from the archaeological community with their unique characteristics described in detail.
These features are quite useful when trying to understand how and why social contact occurs
between settled and mobile communities, and how the archaeological record reflects these
interactions. For example, Rowton (1974) described two different types of nomadic pastoralists
as they relate to settled populations. Enclosed nomadism represents a mobile community that
lives nearer a settled population and explores the symbiotic relationship between the two
communities. Peripheral nomadism is a term reserved for mobile communities that live on the
outer fringes of a settled society. These two idioms explicitly outline different types of
relationships between mobile and sedentary communities. However, they fail to acknowledge the
kinds of movements of these populations. As such, this style of description also tends to focus on
the movement of cultural features from the core outwards. It tends to inflate the importance of
sedentary features, and downplay the influential role that mobile populations play in this
relationship.
Archaeologists have also studied and described the several different types of nomadic
movements, influenced by any number of factors including the climatic conditions of a particular
area or the availability of resources during a certain time of year (Wendrich and Barnard 2008).
This variety of movement is known as transhumance but can be further described as vertical
transhumance if actions occur in mountainous areas. This form of migration is described in detail
by authors who have worked in different regions of the world including Kazakhstan (Chang
2008; Frachetti 2008), Iran (Bar-Yosef 1992), and the Andes (Browman 2008). However, if
movement occurs in a region that is at a constant elevation over a large area of land, this is
known as horizontal transhumance and is usually associated with the scarcity of resources
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(Wendrich and Barnard 2008). Migration itself can play a critical role in how mobile and settled
communities interact with each other since it can dictate when and how often the two cultures
will be in contact. For example, if a nomadic population is constantly on the move and lives on
the fringes of a settled society, they are less likely to interact with the sedentary population than a
nomadic group that lives close to an agricultural community and only moves a few times
throughout the course of a year.
These definitions give us a better understanding of how nomadic movements are
observed in the archaeological record. Archaeologists have used a variety of sources for
evidence; however, landscape archaeology is the most commonly used to understand issues of
mobility (Chang and Koster 1986). Landscapes reflect the communities that live on them over
time and space and offer particularly insightful viewpoints of mobile pastoralists whose culture
and lifestyles are often closely tied to the land that they occupy (Frachetti 2008). Therefore, the
landscapes inhabited by mobile populations should reflect long periods of habitation, the
adaptive strategies that are used to exploit the environment, and the different ways social,
political, ideological, and economic practices are inscribed onto the landscape.
The work of McGlade (1995) further developed this approach by describing human ecodynamics as a way of bridging the gap between nature and culture. According to McGlade,
human actions can result in recoverable artifacts and structures, yet at the same time, the
archaeologist must consider that the shape of the landscape drives these actions. Therefore, past
agents negotiated the social and economic practices within their environment and left discernable
evidence for this occupation, but were constrained by the landscape as well. Human
ecodynamics are exceptionally useful when considering the practices of mobile populations since
the economic basis for pastoral production is intrinsically tied to the environment. At the same
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time, the landscape is shaped by the social, ideological, and political practices of the people
themselves. Therefore, landscapes are an amalgamation of both natural and cultural factors that
can be recovered to produce a schematic of seasonal population movement within a given
ecological zone and period (Frachetti 2008).

2.4.2

Pastoralism in Inner Asia
Two distinct zones divide the Eurasian steppe: the Kazak steppe in the west and the

Mongolian Plateau in the east (which is an average 1,500 meters higher in elevation).
Populations living throughout the grasslands of Inner Asia are commonly associated with mobile
pastoralism; from the mountainous regions around the Black Sea in the west to Mongolia and
Manchuria in the east, mobile populations have long depended on their herd animals as a source
of dietary and economic income. While not unheard of, farming and permanent agricultural
communities have been quite uncommon in both the archaeological and historical record
(Davydova 1995). Archaeological research has determined that agricultural pursuits are more
associated with later incarnations of Mongol polities, such as the Xiongnu, while earlier Bronze
and Iron Age communities do not “show/exhibit” evidence of this practice (Wright 2006). When
these communities are present, they are usually located in areas with dependable water sources
such as flood plains, as well as protected areas that afford a modicum of protection against
severe weather and wind deriving from Siberia (Barfield 1993). Environmental constraints are
the primary explanation for the lack of agricultural traditions. Short growing seasons, extremely
long and severely cold winters, relatively low and undependable amounts of rainfall, and
remarkably hard soils that, until the introduction of mechanized farming equipment during the
late 19th century (Barfield 1993), are thought to have constrained farming pursuits.
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While the Mongolian plateau may not be optimal for agricultural production, the vast
expanses of grasslands were perfect for raising and exploiting livestock. Local populations
learned to use the vast steppe resources by herding what is colloquially known as the “five
animals”: sheep, goats, horses, cattle, and camels. The exploitation of pack animals is well
documented in the archaeological record (Chang 2008, Frachetti 2008; Allard et al. 2009),
historical texts (Watson 1993), and ethnographic record (Allard et al. 2009, Fijn 2012).

2.5

2.5.1

Dietary Patterns of Inner and East Asian Populations

Pastoral Diet of Mobile Inner Asian Populations

They have not vegetables or even legumes; and nothing other than meat to eat, and they eat so
little meat that other people could scarcely live from it. And further they eat all kinds of meats
except for that of the mule, which is sterile, and this they do disgracefully and rapaciously…They
like horsemeat more than any other meat. They even eat rats and dogs and dine on cats with
great pleasure…They get drunk every day on mare’s milk which they call kaumous [koumiss],
just as other get drunk on strong wine (Lane 2006: 170).
The above account is taken from a 12th century AD traveler’s account describing the
habits and foodways of an Inner Asian pastoralist population. While ethnocentric bias is evident
while describing pastoralist dietary habits, many of the themes touched on in this passage are
consistently repeated by historians and travelers when they described the unfamiliar foodways of
Inner Asian pastoralists. Based on ethnographic (Atwood 2004, Allard et al. 2009) and historical
documentation (Watson 1993, Di Cosmo 2002) researchers are well aware that mobile
communities living in the Eurasian steppe have mainly subsisted on the products of a herding
economy. Therefore, a substantial portion of their diet focused intensively on meat proteins and
dairy products (e.g., cheeses, yoghurts, butter). In Inner Asia, herding communities have tended
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to concentrate on herding smaller animals, which they could easily manage in large numbers,
such as sheep or goats (Honeychurch and Amartuvshin 2006). Larger animals like horses,
camels, and yaks were used for the purpose of transportations, rather than as a source of food
(Chang 1977). However, there are several reports that mobile communities did occasionally use
horsemeat as a source of protein, but this practice was much less common and usually
discouraged (Allard et al. 2006). One exception to this rule is mare’s (female horse) milk, which
is widely used, even to this day, in the making of cheeses and other beverages (e.g., milk/butter
teas and fermented beverages) (Atwood 2004). Also, both Chang (1977) and Atwood (2004)
note that Mongolian mobile pastoralists also supplemented their diet with wild game that was
indigenous to the steppe environment, including marmots and deer. A common characteristic
begins to emerge when looking at mobile populations living in vastly different regions of the
world; they practice a highly specialized and focused subsistence strategy that allows them to
live in areas that are exceedingly marginalized and not suitable for agriculture.

2.5.2

Agricultural Diet of Sedentary East Asian Populations
Agricultural populations from East Asia have been viewed by historians and

archaeologists in an entirely different light than their pastoral neighbors. Unlike the mobile
communities, their consumption patterns were highly diversified and relied on many different
types of agricultural goods and domesticated animals. In general, China was a producer of many
agricultural commodities since the various geographical regions intensely focused on the
production of different crops. Agricultural production of cereal grains was quite common in
China (Chang (1977), but due to unique environmental conditions various regions focused on the
cultivation of grains that would have the greatest potential for success in that area. For example,
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millet production thrived in the northern regions of China (Manchuria, Inner Mongolia, and
Xinjiang), which tended to have a shorter growing season because of the colder and drier
conditions. Rice is a much more troublesome crop to grow and maintain because it requires a
particular type of climate and highly specialized irrigational fields. As a result, rice production
was confined to areas in southern China since the hot and wet environment was better suited to
its output.

2.6

2.6.1

Impact of Changing Subsistence Patterns on Archaeological Populations

Dental Macrowear Patterns

From an archaeological standpoint, dietary analysis based on the analysis of macrowear is of
considerable value since it offers an independent check against reconstruction of prehistoric
subsistence based on the analysis of floral, faunal and artifactual evidence (Walker 1978: 101).

There are many different methods that anthropologists use to ascertain dietary
information from human skeletal material. One of the most prominent means of establishing such
a relationship is recording the amount of dental hard tissue obliteration that naturally occurs
during the process of mastication. The two most widely utilized methods for recording
macrowear is Smith’s work (1984) which records the amount of wear on incisors, canines, and
premolars, and Scott’s system (1979) that documents molar wear. This research will only utilize
molar macrowear scores, thus following Scott. Since molars do the vast majority of food
processing and reduction during the process of mastication (Hillson 1996), they tend to provide
better insight about the consistency and abrasiveness of a diet.
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Studies of macrowear rates can produce many different types of information, but one of
the most common forms of data is used to interpret the dietary patterns of archaeological
populations. Assigning a score to the amount of observed macrowear and comparing these data
to other populations allows one to gauge dietary changes to a population over time. For example,
the Scott system can identify shifts in dietary practices by quantifying observable macrowear and
comparing these data within a community (i.e., temporal, sex, age differences). Many studies
have successfully used this methodology to demonstrate that populations are undergoing a shift
in subsistence strategies over time (Smith 1984, Rose et al. 1991, Schmidt 2001, Watson 2008).
As part of a multi-faceted study, Schmidt (1998; 2001) found that prehistoric Indiana populations
from the Archaic through the Oliver Tradition of the Mississippian period (~ AD 1050) had
progressively decreasing amounts of macrowear through time. Schmidt argued that these
changes reflected a shift in subsistence strategies from an economy based on hunting and
gathering to one based on agriculture.
Macrowear studies, however, are not limited to distinguishing differences between time
periods and are utilized by anthropologists in many areas of research. Molnar (1971), for
example, has conducted a study that looked at the differences in male/female rates of wear and
linked them to different types of diets based on the gendered division of labor among prehistoric
hunter and gatherers from California. Molnar argued that women showed greater amounts of
macrowear than males in pre-agricultural societies, however with the transition to economies
based on agricultural production the distinction of the two sexes became more ambiguous. The
different amounts of dental wear in non-agricultural societies were attributed to men consuming
large quantities amounts of meat, while females had access to more fibrous plant foods that cause
more macrowear. Molnar linked heavier rates of wear among female non-agriculturalists to their
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supposed sampling and testing of multiple forms fibrous foods and more substantial food
processing (Molnar 1971).

2.6.2

Dental Pathological Conditions
Dental caries is considered an infectious disease that occurs during the excessive buildup

of bacteria on a particular area of the tooth. The accumulations of bacteria like Streptococcus
mutans metabolize sugars like glucose, sucrose, and fructose into lactic acid, which causes the
progressive demineralization of enamel and dentin if left untreated. Since many agriculturally
produced foods (millet, maize, wheat, and barley) contain large quantities of fermentable sugars,
there is usually an increase in dental caries rates associated with a shift to agricultural production
(Mayhall 1970, Turner 1979, Larsen et al. 1991, Schmidt 1998). While all teeth are prone to
dental caries, the interproximal areas in between teeth and the crenulations and grooves of
molars are where the disease is most common. This consequence is unsurprising since these
locations are where food quite frequently becomes lodged and is hard to clean either through
natural processes (i.e., the tongue and saliva cleaning the surfaces of teeth) or through cultural
practices.
Many studies have documented how changing subsistence patterns affect the rate of
dental caries in a population. Mayhall (1970), for example, reported a noticeable increase in the
rate of dental caries among Eskimo populations that underwent a shift from a diet derived from
the hunting and fishing of maritime resources to a diet focused on European agricultural goods.
The results indicate that the carbohydrate-rich diet coincided with a noticeable increase in the
number of carious lesions since the dental hard tissues are exposed to a greater amount of
fermentable sugars produced from the consumption of agricultural foods. This pattern has been
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shown to occur in many different archaeological contexts. In prehistoric Japan, the
intensification of agricultural production during the later stages of the Jomon Period
(approximately 3,000 BP) coincided with dramatic increases in dental caries when compared to
preceding populations that practiced hunting and gathering or small-scale agriculture (Turner
1979). Many studies have focused on the relationship between increased caries rates and
carbohydrate consumption. However, Walker and Erlandson (1986) reported that Native
American populations living off the coast of southern California decreased their intake of
carbohydrate-rich foods, which resulted in lower dental caries rates. Their findings support the
biological link between carbohydrate-rich diets and dental caries.
While many anthropologists have argued that increased consumption of carbohydraterich agricultural foods coincides with the intensification of agricultural production and results in
higher frequences of dental caries, there are several examples where this is not the case. One
notable exception to this rule, previously discussed, is the consumption of rice. Despite the
increased amount of rice consumption of over time, Tayles and colleagues (2000) found that
caries prevalence did not correspond with increased agricultural prevelence in three prehistoric
populations from Thailand. Since rice, unlike other cereal grains, does not substantially affect the
pH level of the oral cavity, it creates an environment less likely to produce carious lesions
(Lingström et al. 1993). This information runs contradictory to anthropological literature that
argues that increased consumption of agricultural cereal grains goes hand-in-hand with a higher
prevalence of dental caries. Despite this enlightening study, research has provided an abundance
of evidence that diets based on the consumption of carbohydrate-rich foods, other than rice, does
have a positive correlation with increased prevalence of dental caries (Mayhall 1970, Turner
1979, Larsen 1991, Tiesrzen1991, Schmidt 1998, Larsen 2006, Watson 2008).
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2.6.3

Rice Consumption and its Problems
The eating of rice is a ubiquitous and fundamental component of people’s dietary

nutrition in many societies throughout the Eurasian landmass. Within the context of this study,
rice has been a staple product consumed by many individuals throughout the course of Chinese
history (Chang 1977; 1987), often regarded - historically and in modern contexts - as a crucial
part of daily sustenance (Roberts 2004; Fuller 2011). In Inner Asia and Mongolia rice does play
a role in the eating habits of some communities, although it is far less important than in Chinese
food culture. As outlined above meat and dairy proteins tend to be the central focus of pastoralist
diets, with other categories of food playing a reduced, supplementary role (including rice).
Irrespective of its overall contribution to the larger dietary framework of Inner Asian mobile
pastoralists and sedentary Chinese populations, rice was and continues to be, a component of
both foodways. Therefore, any bioarchaeological study investigating the diet of Inner and
Eastern Asian populations should be cognizant of the potential effects rice can have on human
dental remains.
The consumption of rice poses a particular problem for dietary analysis (Tayles et al.
2000). Studies have suggested that rice consumption does not have the same degenerative,
cariogenic (dental cavity causing) properties as other cereal grain (e.g., barley, millet, or wheat)
making dental detection difficult. However, recent studies have demonstrated that rice
consumption may be more variable than previously thought (Newton 2013). Dietary studies
cannot completely rule out the possibility that rice consumption may contribute to dental caries,
yet, as discussed below, the dental signatures are not congruent with those of agricultural
populations growing cereals.
Historical texts have documented that the Xiongnu did receive rice and cereals tributes being annually “supplied with 34,000 hu of rice” (679,524 liters) (Lane 2006). If these historical
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texts are to be trusted, it is probable that some degree of rice consumption occurred during the
Xiongnu period. First, both historical texts and archaeological data have documented Xiongnu
presence and use of cereal grains other than rice. At Noin Ula in Northern Mongolia, for
example, Korolyuk and Polosmak (2010) found the remnants of millet in several elite Xiongnu
burial mounds. Sima Qian’s The Records of the Grand Historian also mentions millet several
passages. He writes, “we have decreed that our officials shall send to the Shanyu [leader] each
year a fixed quantity of millet, leaven, gold, silk cloth, thread, floss, and other articles” (Watson
1993: 146). There is also emerging archaeological evidence that small pockets of Xiongnu
communities practiced small-scale agricultural production at sites such as Ivolga (Davydova
1995). Therefore, if millet (or other cereals) did compose a substantial portion of the Xiongnu
diet, I would expect to see an increased amount of dental carious lesions when the samples were
compared to the Late Bronze-Early Iron Age. Also, if the Xiongnu did consume greater
quantities of rice and/or millet, then I would expect to see a difference in the dental microwear
texture analysis (DMTA) variable of Late Bronze-Early Iron Age populations since the dietary
consistency would be different. Finally, Xiongnu archaeological sites that contain evidence of
small-scale agriculture are few and far between and found in areas where agricultural production
is only possible during very short windows of the year, unlike the marginal desert steppe
environment that composed a significant portion of the Xiongnu polity. In other words, the
problems associated with using dental caries as an indicator of a rice diet may not apply to the
Xiongnu since it is possible they consumed other forms of cariogenic grains (e.g., millet).

2.7

Conclusions

In conclusion, what we can see throughout the Mongolian landscape and the history that
has played out the steppe and its surrounding areas are a variety of cultures that were politically
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and economically well-suited to an environment many historians and archaeologists have
described as, sometimes at best, marginalized – run on sentence. For millennia, many pastoral
cultures emerged from the Mongolian steppe (Xiongnu, Turk, Uighur, Mongol, etc.) each
distinct and archeologically recognizable, but still adhering to a herding economy and all the
characteristics that coincide with pastoralism. Scholars, historically, have very rarely looked at
these steppe communities unto themselves, but rather seen them in juxtaposition to their
neighbors, agricultural societies such as Dynastic China. In essence, researchers have framed
Mongolian and Chinese cultures as binary opposites; sometimes partnered in a symbiotic
relationship, other times as an exploitative partnership. The chapter has laid the framework for
the ideas and research that I will present throughout this rest of this dissertation. The distinct past
and lifeways (i.e., diets) of Mongolian pastoralists and Chinese agriculturalists this chapter will
be synthesized in the next chapter, as I outline pastt theoretical undpinnings explaining the
relationship between these two societies and discuss how my research into the dietary lifeways of
Bronze and Iron Age populations does or does not fit into these theoretical models.
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THEORETICAL MODELS OF SEDENTARY/MOBILE
POLITICAL INTERACTIONS

The Xiongnu had always had a liking for Han silks and food stuffs, but Zhonghang Yue told
them, “All the multitudes of the Xiongnu nation would not amount to one province in the Han
empire. The strength of the Xiongnu lies in the very fact that their food and clothing are different
from those of the Chinese, and they are therefore not dependent upon the Han for anything. Now
the Shanyu has his fondness for Chinese things and is trying to change the Xiongnu customs.
Thus, although the Han sends no more than a fifth of its goods here, it will in the end succeed in
winning over the whole Xiongnu nation. –Records of the Grand Historian (Watson 1993: 143).

3.1

Introduction

Over the course of Inner Asian history, many mobile, pastoral polities have risen to and
fallen from power. Some of these polities have gained more notoriety than others and have
therefore been the focus of more academic debate and research. For example, many are familiar
with Chinggis (Genghis) Khan and the Mongol Empire (13th-14th Centuries AD and one of the
largest contiguous empires in world history). However, fewer people may be familiar with the
polities of the Turks or Uighurs (6th-8th and 8th-9th Centuries AD, respectively). This disconnect
in knowledge may be an artifact of the lasting legacy these polities imparted on the people
around them. However, it was the Xiongnu polity (3rd Century BC to 2nd Century AD) that would
set the historical precedent for many of the peripatetic empires that would follow in their
footsteps. Despite temporal and cultural differences, several characteristics are common to all of
these polities. First, all of these cultures share a common economic base, whereby they make a
living off the raising and herding of animals. To feed and pasture their herds, mobile
communities in this area of the world developed a lifestyle conducive to life on the move. It is
not uncommon for mobile pastoralists to move several times over the course of a year to find
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pastureland suitable for sustaining their herd. Second, many of these polities trace their origins to
the steppe and desert environments of Mongolia and the northern provinces of China. Past
researchers have attributed the growth of pastoralism in Inner Asia to an offshoot of agriculture,
in that pastoralism developed as a specialized subsistence economy expressly suited to the harsh
and inhospitable environment of the Mongolian steppe. One final element that is pervasive
throughout many mobile pastoralist societies is that they interact with sedentary agricultural
populations. These interactions take on many different forms, but most often cited in the
ethnohistoric and dependency literature are incidents of violence and warfare or trading for food
and objects not produced by pastoral economies (Jagchid and Symons 1979; Barfield 1989;
2001). In many cases, these interactions become framed as unidirectional, with the peripheral,
mobile populations initiating contact with core, sedentary communities because they seek to
obtain goods an economy based on animal herding is unable to produce (Di Cosmo 2015). It is
the intent of this chapter to demonstrate what types of archaeological models have been used in
the past to understand the growth and development of mobile polities. In the following chapter, I
will juxtapose long-standing paradigms to recent archaeological studies to understand how
archaeologists have improved upon them. Finally, I will discuss the role subsistence, and
foodways can play in our understanding of the rise of mobile polities.

3.2

Ethnohistorical Views of Mobile/Sedentary Interactions

Given the wealth of historical and ethnographic documentation that focuses on the
interactions among sedentary populations and communities of mobile pastoralists from Inner
Asia and elsewhere (e.g., Nepal, the Levant, sub-Saharan Africa) many archaeologists have used
these data to defend their theoretical assertions (i.e., Barfield 1989). Sima Qian (a historian to the
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court of the Han Dynasty) wrote The Records of the Grand Historian (also known as Shiji)
during the second century B.C., which is an excellent example of ethnohistoric writings that
vividly describe life, genealogies, and inner workings of ancient Dynastic China. The works of
Sima Qian provide Inner Asian scholars a detailed account of the inner workings of the Xiongnu
polity (e.g., political structure, military composition, and land holdings), their interactions with
the Chinese state, and descriptions of pastoral life on the Mongolian steppe. Additionally, these
sources provide valuable knowledge about the intricate tribute systems and tumultuous
relationship between Dynastic China and the Xiongnu.
There are, however, major flaws associated with utilizing these sources. In general,
Chinese textual sources tend to describe peripheral communities like the Xiongnu through a
Sinocentric lens (Di Cosmo 2002; Honeychurch 2015), thus causing many historical references
to be sensationalized and biased against mobile, steppe communities. More often than not, these
pastoral peoples are described as “savage’, “barbarous,” and “backward” (Watson 1993), living
in a hostile environment with few “cultured” amenities.
If one can look beyond the ethnocentric biases of these texts, there are many valuable
sources of information researchers can gather about the culture of the Xiongnu. For example,
Sima Qian describes in great detail the complex political and organization and division of power
structures within the Xiongnu military and political hierarchy. However, most important to the
purview of this dissertation are the thorough descriptions of the dietary customs of the Xiongnu
and the types of agricultural foods that the Han Dynasty were exporting to the Mongolian steppe
as a means of leveraging peace between the mobile pastoralists and sedentary communities along
the frontier region of China.
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Chapter 2 outlined the general information about the diets of agrarian and pastoral
communities, but in general most textual sources describe the foodways of the Xiongnu as
intently engaged in the consumption of meat proteins and dairy products derived from herd
animals, and supplemented through hunting, gathering, and fishing for local resources. Finally,
the ho-ch’in peace treaties offered to the Xiongnu from officials of the Han Dynasty outlined
several provisions as a means of appeasement. Stipulated among these terms was an annual
tributary payment of agricultural grains (including millet) would be sent by the Han court to the
officials of the Xiongnu polity in exchange for continued peace between the two societies
(Barfield 2001, Di Cosmo 2002).
I, like other anthropologists and historians (Honeychurch and Amartuvshin 2006, Di
Cosmo 2013), argue that these historical texts are valuable sources of information that should be
utilized to supplement archaeological information related to the interactions between mobile and
sedentary communities and the rise of pastoral polities. However, these texts should not be our
sole source of information about the Xiongnu’s rise to power. Many of the studies and paradigms
outlined in this chapter significantly draw from these texts. As a result, many studies have been
framed from a core-periphery perspective, as discussed below, and attributed the rise of mobile
polities to their connections with sedentary societies, from which all sources of power originate.

3.3

Models of Mobile/Sedentary Interactions

Research focusing on mobile societies and their rise to power are not uncommon in the
anthropological literature (Lattimore 1940; Jachid and Symons 1979; Barfield 1989; Cribb 1991;
Jagchid 1991; Bar-Yosef 1992; Watson 1993; Khazanov 1994; Kradin 2002). Specifically,
within the context of Inner Asia, many scholars have focused their attention on the cultural and
material exchanges between mobile communities from the steppe and sedentary Chinese
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populations (Barfield 1989; Di Cosmo 2006; Wendrich 2008; Miller 2009; Honeychurch 2015).
Also, many archaeologists have explored how these exchanges have contributed to the
development of mobile polities in Mongolia (Barfield 1991, Di Cosmo 2002; Honeychurch and
Amartuvshin 2007). However, the approaches used by past scholars vary dramatically from those
used by anthropologists currently engaged in the archaeology of Inner Asia.
The Xiongnu are a prototypical example of a polity that emerged from the steppe
environment of Inner Asia. The Xiongnu were a mobile pastoralist population that rose to power
during the 3rd century BC and were contemporaries with China’s Qin (221-207 BC) and Han
Dynasties (207 BC to AD 8). It is also commonly thought that the Xiongnu were the main reason
for the construction of portions of the Great Wall during the Qin Dynasty (Di Cosmo 2006;
Honeychurch and Amartuvshin 2006). Chinese historical sources provide the vast majority of
information we have about the Xiongnu culture and its inner workings. These textual references
left behind detailed accounts of Northern peoples that were quite unlike the Chinese. A culture
engaged in mobile pastoralism that the Chinese labeled the “Hsiung-nu,” “Kunnu,” or “Xiongnu”
(Inner Asian scholars have used these three terms interchangeably, thought the last name has
gained the most acceptance among the academic community) (Atwood 2004). While correlating
historical sources to archaeological evidence can be quite problematic, researchers conducting
work in this area have suggested that a good case can be made for their combined use in parts of
Mongolia and Inner Mongolia (a Chinese autonomous region in the northern portion of China)
(Honeychurch and Amartuvshin 2006).
Commonly framed by some scholars, emerging mobile powers are seen within the
context of their interactions with and dependence on sedentary societies. More often than not,
however, studies have viewed these pastoral communities as peripheral and reliant on resources
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produced and distributed by core (i.e., sedentary) populations. While this argument has been
made several times to justify the emergence of mobile polities in Inner Asia (Barfield 2001;
Jagchid and Symons 1989; Kradin 2002), it has also been used to understand mobile/sedentary
interactions elsewhere (Khazanov 1984; Cribb 1991; Kradin 2002). Despite archaeologists
conducting research in many areas of the world, there are several standard theories that these
researchers have used to explain how peripheral polities have risen to power by economically
benefitting from their interactions with core communities. Commonly, these ideas are referred to
as dependency hypotheses.
Two theoretical models have been used to understand the reasons for interaction between
mobile pastoralist and Chinese populations: the “needy” and “shadow empire” models. Based
heavily in the latter works of Owen Lattimore (1940), the “needy” model was one of the first
anthropological models to effectively? explain the cultural differences between Mongolian
steppe pastoralists and their Chinese neighbors. Lattimore envisioned the landscape of China as a
very different adaptive area than the expansive grassland environments of Mongolia, thus
leading to distinct cultural features that maximized their efficiency in the respective
environments (Honeychurch 2015). In essence, Lattimore was clearly delineating and explaining
why there were political, economic, demographic, and technological differences that separated
mobile pastoralists from agricultural China. In many Chinese textual sources pastoralists are seen
as “savage” or “barbaric” populations with an insatiable need for Chinese commodities.
Khazanov (1994), for example, states that pastoral economies are incapable of sustaining
themselves without the introduction of agricultural goods into their diets. Therefore, to obtain
agriculturally produced supplies, pastoralist communities engaged the Chinese state through the
tactic of “trading or raiding” (Jagchid and Symons 1989). Since pastoralists “needed” certain
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items (i.e. luxury or agricultural foods), they were compelled to interact with China to procure
these commodities. In other words, the marginalized landscape and environment of the
Mongolian steppe compounded by the deficiencies intrinsic to a pastoral mode of production
ultimately resulted in peripheral herding cultures becoming dependent on the core, sedentary
societies. Therefore, agricultural products were either attained through warfare or by trading
items that pastoral economies were able to produce (such as felt or livestock).
Interactions under the “shadow empire” model for mobile political formation (Barfield
2001) is a more symbiotic type of relationship between the steppe and the sown, rather than the
unidirectional approach and diffusionism of the “needy” model. According to this concept, the
rise and fall of Mongolian steppe polities have always coincided with the ebb and flow of
Chinese dynasties. Except the Yuan Dynasty (established in 1260 by Kublai Khan, grandson of
Chinggis Khan) Mongolian polities have never tried to establish a permanent presence in China;
rather, they have always coexisted alongside them. Pastoralists and, especially, political elites
benefitted from this relationship because they were able to obtain the agricultural and material
goods needed to maintain and reinforce their political power. In turn, the Mongolian elites could
then redistribute these rare goods among the populace to curry favor with the general population
or reward individuals for their service and dedication (Di Cosmo 2013). Conversely, China
benefited from this relationship because they not only received pastoral commodities but as their
political influence began to wane so too did the political strength of the mobile pastoralists. This
declining power would cause the pastoralists to focus more on their internal political problems
and less on interacting with settled populations, thus posing less of a threat to Chinese security.
Therefore, according to this model, cultural interactions are beneficial to both groups, albeit in
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different capacities. However, this model still assumes that agricultural deficiencies are the
primary motivating factor for pastoral steppe nomads to interact with sedentary China.
Dependence studies have viewed sedentary populations as the main focal point through
which mobile communities can extract economic resources that stimulate their growth and
solidify their political status. However, since mobile pastoralists lack the resources required to
produce these goods for themselves they must rely on the economic production of sedentary
societies. Under this scheme, these resources are the sole reason mobile populations can
politically and economically complete with sedentary states. Barfield (1989) claims that the
different political and social structuring of sedentary and mobile communities are the primary
reason for this imbalance of economic production. In agrarian societies, social hierarchies arise
through pecuniary relationships between peasant corvee laborers and political elites. The peasant
class provides the work required to produce the agricultural goods that assist in running the
central component of the state and also lays down a distributive structure that acts as a
controlling mechanism and tool for the creation of legitimate authority. In contrast, the political
structuring of mobile polities is based on a system of redistribution and lacked the formalized
class structure witnessed in sedentary populations (Di Cosmo 2002). The principal job of the
leadership was less concerned with the affairs of communities outside of their control and
focused more the internal maintenance of the polity itself (Sneath 2007). Therefore, the
pastoralist leaders tasked themselves with providing economic benefits to the populations living
under their jurisdiction (Barfield 2001), creating a clear hierarchy.
Even though the pastoral leadership concerned itself with matters of internal political
maintenance, this does not imply that political elites secluded themselves from external
interactions. Rather, many researchers argue that outside stimulus is a requirement for the rise of
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mobile-based polities. One of the principal modes of communication was establishing a trade
relationship with agrarian communities (Jagchid and Symons 1989; Kuznar and Sedlmeyer
2008). Trade acted as a catalyst for the foundation of two mechanisms critical to creating a
political system grounded in mobile pastoralism. First and foremost, economic exchange granted
access to subsistence goods that pastoralists, supposedly, could not produce in marginalized
environments. Khazanov (1984) claims that that animal herding and husbandry can only support
small, sparse populations because economies based on pastoralism are extremely unpredictable
and have little productivity. Furthermore, the mobile lifestyle of these societies prohibits them
from settling down in one location because they must continually seek out new pastureland to
sustain their herds. Further compounding this problem is the idea that marginal environments,
like the steppe of Inner Asia, have undiversified economies, thus forcing mobile populations to
seek subsistence resources elsewhere.
Through the use of trade, pastoralists could use the abundance of products they had at
their disposal (e.g., skins, wool, dairy products, meats, or even the animals themselves) and
exchange them for products they needed. In particular, agricultural grains were one of the
products pastoralists most often demanded (Di Cosmo 2002). According to Jagchid and Symons
(1989) and Barfield (1991), a trading relationship between mobile and sedentary communities
would have equally benefited both societies. For one, the pastoralists could acquire the
subsistence goods they did not produce, but they also had access to large pack animals (e.g.,
camels) that could carry heavy and cumbersome grains over long distances. Furthermore, these
grains could be stored for prolonged periods of time and were able to survive the harsh
environmental setting of a marginalized steppe. Conversely, the lifestyle of sedentary
populations prohibited them from transporting agricultural commodities over long distances.
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This hindrance is of particular consequence since agrarian communities residing in
border/frontier areas would have great difficulty transporting their goods to the most profitable
communities in center-based areas (e.g., urbanized centers) (Barfield 2001). At the very least,
the sedentary cultures would not have been as well versed, or efficient, in transportation as
mobile communities, who engaged in such activities on a regular basis. However, the proximity
of frontier populations and their surplus of agricultural products would have made them
especially attractive to itinerate groups.
Another aspect of trade mentioned, but far less explored, by previous researchers is the
part mobile polities play in long-distance trade relationships and networks (Atwood 2001). For
example, Chinese texts indeed mention that the Xiongnu leadership was interested in obtaining
conventional subsistence goods such as millet, wheat, or rice (Di Cosmo 2002). However, these
same documents also allude to an interest in acquiring luxury items (Watson 1993). These claims
are further substantiated by archaeological excavations of Xiongnu burials revealing items such
as precious metals, silks, jade, bronze mirrors, musical instruments, and even the remnants of
alcohol (Davydova 1995; Honeychurch and Amartuvshin 2006; Allard et al., 2007; Miller 2009;
Hanks 2010). However, outside the context of grandiose elite burials, it is quite uncommon to
find such items in non-elite Xiongnu interments (Miller 2009), leading many scholars to question
how extensively the Xiongnu community utilized and exchanged these goods. Barfield (1993)
and to a lesser extent Di Cosmo (2002) suggest the Xiongnu did not use these items at all, but
rather became products of re-exportation. The Xiongnu intentionally imported Chinese goods,
which they distributed among the leadership who then exported the goods to other communities;
in essence, they became middlemen along trade networks. The income derived from trade could
then be used to stimulate the economic growth of the Xiongnu polity (Barfield 1981). These
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actions so infuriated the Chinese hierarchy that deliberate attempts were made to expand Chinese
control into regions where the Xiongnu were profiting from the sale of export prestige goods
(Hulsewe 1979). However, the power the Xiongnu had gained through their networking made
them a very formidable adversary, and they were able to suppress many of the attacks made on
their soil. Despite the new found power and influence, the Xiongnu seemed unwilling, or at least
disinterested, to expand their political influence past the steppe of Inner Asia. Although
Mongolia was, supposedly, never a center of production, it acted as a major center of
redistribution and was able to control a major portion of the trade that passed through its borders
(Jagchid and Symonds 1989). The Xiongnu could then reinvest the profits gained from these
interactions into the political infrastructure that helped to stabilize and strengthen a polity
founded on mobile pastoralism.
One last aspect researchers have used to explain the development of mobile polities is a
characteristic indicative of all pastoral communities: wide-ranging mobility over an immense
landscape. This feature assumes that the population size of the pastoral community is quite small
when compared to agricultural peoples. Unlike their sedentary neighbors, the mobile
communities were small enough to allow them to move across the landscape quickly, forcefully
strike deep into the frontier territory of Chinese communities, and quickly retreat to their
homelands. Barfield (2001) suggests this strategy was used by mobile pastoralists to cause
feelings of terror in populations living at the periphery of a core state. Instilling a sense of terror
into the hearts of sedentary people was not the sole reason for attacking border communities.
Rather, the Xiongnu hoped that these terror tactics would filter upwards to the highest levels of
governments. These strategies forced the leadership of the sedentary communities into
negotiating trade agreements favorable to the steppe population so as to protect Chinese
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communities that lived in the frontier regions. In exchange for peace along the border, the
sedentary leadership would make concessions allowing the Xiongnu access to markets where
they could exchange pastorally produced goods for commodities of Chinese origin (Watson
1993; Di Cosmo 2015; Brosseder 2016).
Finally, the “trading and raiding” hypothesis (Symons and Jagchid 1979) is a theoretical
model that attempts to explain mobile/sedentary interactions. According to this model, Chinese
political elites had three options for dealing with the Xiongnu. 1) Appease the mobile
populations by negotiating with them and allowing access to trade and markets, 2) take
aggressive actions against the mobile communities, or 3) just ignore the Xiongnu and their
requests and try to defend border areas as efficiently as possible. However, each of these options
had the potential for adverse outcomes. If the Chinese leaders just ignored the requests of the
Xiongnu, then raiding was sure to continue along the frontier, thus devastating the communities
living there and further emboldening the invaders. However, if political elites granted the
pastoralists access to border markets and provided them with annual tributary payments, they
would be viewed as weak in the eyes of the populace because they were conceding to the wishes
of a much smaller population with “inferior” cultural, economic, and militaristic resources.
Finally, violently engaging the steppe communities would have been a futile effort since, as
mentioned above, their mobile lifestyle gave them a strategic advantage that allowed them to
quickly and efficiently strike and retreat into the hinterland of the Mongolian steppe, even when
confronted by greater numbers and Chinese military technology.
Regardless of what strategy the Chinese implemented, all of these factors potentially
allowed the Xiongnu to consolidate resources, thus facilitating the growth and development of a
sizable political system grounded in pastoralism. These propositions have been employed by
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previous anthropological studies to explain how mobile, pastoral societies could gain so much
power, even when they had many factors stacked against them. However, all of these theoretical
models suffer from one common flaw: dependency. According to all of these hypotheses, it
would be virtually impossible for a large, regional scale polity to hold substantial amounts of
power and influence if its existence was based solely on a herding economy.
This study will contribute to a growing body of literature that questions the validity of
dependency theory in eastern Eurasia (Honeychurch and Amartuvshin 2007; Houle 2009; Miller
2009; Brosseder 2015; Honeychurch 2015; Miller 2015; Rogers 2012, 2015). By problematizing
one of the central tenets of dependency theory (the role of agricultural foods in the development
in mobile polities), we can begin to reevaluate the complexity of mobile pastoralism, rather than
just relegating it to a cultural feature that occurs tangentially to sedentary, agricultural states. For
example, Houle (2009) has argued that the presence of deer stone stelae and khirigsuurs during
the Bronze Age epitomize a consolidation of power unprecedented in prehistoric Mongolia.
Khirigsuurs, in particular, represent an enormous amount of time and labor investment that
would have certainly required some form of work organization and possible hereditary authority.
Most importantly, the construction of these monuments occurred well before interactions were
common between the mobile steppe pastoralists and the Chinese state. The importance of
Houle’s study cannot be overstated since it called into question one of the most important aspects
of dependency theory, that sociopolitical complexity of mobile communities could not occur
without external influences from sedentary populations. The current research will follow in the
footsteps of studies like Houle (2009) by reexamining mobile dependency through the use of
bioarchaeological and dietary data, rather than archaeological monuments. good
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3.4

3.4.1

Hypotheses

Temporal Differences
The two hypotheses outlined in Table 3.1 follow the two primary theoretical paradigms

concerning the emergence of the Xiongnu polity. Both hypotheses compare two different periods
of Mongolian prehistory: the Late Bronze-Early Iron Age and the Xiongnu period. In general,
these two time periods chronologically follow each other and have been viewed as a pivotal
turning point in the prehistory of the Mongolian steppe and its cultures. Features of the Late
Bronze-Early Iron Age include the proliferation and acceptance of mobile pastoralism across the
steppe and little communication between mobile pastoralists and agrarian China. In contrast,
increased interactions, warfare, and inter-regional trade between the pastoral cultures and
southern sedentary agricultural populations have come to epitomize the Xiongnu period. As a
result of these interactions, some researchers have questioned whether the Xiongnu’s close ties to
agrarian China account for their economic and political viability and rise to power (Barfield
1989, Barfield 2001, Kradin 2002).
The first hypothesis proposed in this dissertation research argues that the consumption of
agricultural products played a critical function in the growth, development, and expansion of the
Xiongnu. According to this hypothesis, there should be notable differences between the Late
Bronze-Early Iron Age and Xiongnu period. First, there should be a significant change in the
dietary patterns of Late Bronze-Early Iron Age mobile pastoralists and the Xiongnu who were
supposedly consuming larger quantities of agricultural goods produced by China. If the data
presented in this dissertation support the first hypothesis, there should be multiple lines of
biological evidence that reflect this change in subsistence strategies.
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Table 3.2 Hypotheses for Xiongnu/Chinese Interaction

Dependence

Consumption Pattern

Hypothesis #1

Hypothesis #2

Xiongnu were reliant on

Xiongnu were not reliant on

Chinese goods

Chinese goods

Differences between Late

Similarities between Late

Bronze-Early Iron Age and

Bronze-Early Iron Age and

Xiongnu samples associated Xiongnu samples associated

Biological Evidence

with consumption of

with consumption of

agricultural foods

pastoral foods

Greater number of carious

Similar amount of carious

lesions, increased

lesions, macrowear, AMTL,

macrowear, more AMTL,

and DMTA values

and different DMTA values

This research will use dental microwear texture analysis (DMTA), dental macrowear, and
dental pathological conditions (dental caries and antemortem tooth loss) to argue whether there
are substantial differences between the Late Bronze-Early Iron Age and Xiongnu skeletal
samples. If there are dissimilarities between the two samples, I would expect to see a significant
difference in the DMTA variables and an increase of documented macrowear and dental
pathological conditions caused by the increased consumption of agricultural foods.
The second hypothesis outlined in this dissertation contends that agricultural foods did
not significantly contribute to the diet of Xiongnu individuals. If the data support this hypothesis,
then there should be continuity between the DMTA variables, dental macrowear scores, and rates
of dental pathological conditions since the consumption patterns of the Late Bronze-Early Iron
Age and Xiongnu period individuals should have remained constant. This second hypothesis
corresponds with contemporary moves in anthropological and archaeological thought, arguing
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mobile pastoralists were not wholly reliant on agricultural goods to expand and gain strength and
were more economically and politically complex than previously believed.

3.4.2

Implications for Mobile Polity Formation
According to either hypothesis, there are consequences for the formation of mobile

pastoralist polities in Inner Asia. Since the first hypothesis is consistent with ideas outlined by
dependency theory it argues that the role of agricultural foods were essential to the rise of the
Xiongnu, and the nutritional shortcomings of a pastoral economy are the stimulus for interactions
between mobile pastoralists and sedentary agriculturalists. The Xiongnu would have to find
alternate ways to supplement these voids. According to this hypothesis the formation of the
Xiongnu polity was reinforced through interactions with sedentary populations to acquire
agricultural foods. Interactions that lead to the formation of a mobile polity are then viewed as
unidirectional and always flowing from the core into the peripheral regions of the steppe.
The second hypothesis argues that agricultural foods did not play a significant role in the
formation of the Xiongnu polity. If the data presented in this dissertation reveal that there was
dietary continuity between the Late Bronze-Early Iron Age and the Xiongnu period, then this
calls into question one of the major foundational principles of dependency theory, that
agricultural foods were a key factor in the foundation of the Xiongnu polity. It would then be
necessary to question the validity of certain parts, if not all aspects, of dependency theory and
ask whether anthropology should reevaluate the typological categorization of mobile pastoralists.
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3.5

Conclusions

Previous anthropological theories have positioned mobile pastoralist and sedentary
agricultural communities as two diametrically opposing cultural traditions that have incompatible
forms of social, political, and economic traditions. These anthropologists further reinforce their
arguments by pointing to the marginal environments of mobile pastoral communities and their
peripheral propinquity to “core” societies. Adherents to this theoretical paradigm state that close
ties and interactions between sedentary and mobile populations are the inevitable byproduct of
an economy based on pastoralism. Therefore, the only way a mobile pastoralist community
would be able to form and sustain the economic requirements of a large polity would be through
interactions sedentary agricultural societies. However, recent archaeological research argues for
increasing internal sociopolitical complexity during the Mongolian Late Bronze-Early Iron Age
and is questioning whether foodways and connection with sedentary societies are the actual
pathways that account for the emergence of mobile pastoral. This chapter has presented the
theoretical context of both past and present anthropological paradigms that attempt to explain
how mobile polities interact with agrarian populations. This dissertation will utilize these
frameworks to test two hypotheses. The first suggests that the rise of the Xiongnu polity was
dependent upon the consumption of agricultural goods produced by Chinese populations.
Conversely, the second hypothesis claims that dietary patterns remained invariable from the Late
Bronze-Early Iron Age to the Xiongnu period, thus suggesting that the emergence of the
Xiongnu polity did not rely on the consumption and sociopolitical utilization of Chinese foods.
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MATERIALS

The Xiongnu make it clear that warfare is their business. And since the old and the weak are not
capable of fighting, the best food and drink are naturally allotted to the young men in the prime
of life. So the young men are willing to fight for the defense of the nation, and both fathers and
sons are able to live out their lives in security. How can you say that the Xiongnu despise the
aged? – Records of the Grand Historian (Watson 1993: 143-144).

4.1

Introduction

The following chapter describes the skeletal samples (n=151) analyzed during the data
collection phase of this dissertation research (August-October 2011). I collected the majority
(n=142) of data from the osteological collection curated by the Department of Archaeology at the
National University of Mongolia (Ulaanbaatar, Mongolia). Under the direction of Dr. William
Honeychurch and Dr. Chunnag Amartuvshin, several international archaeological expeditions
excavated the remaining nine samples between the years of 1996 and 2004 at the sites of Egiin
Gol (n=8) and Baga Gazaryn Chuluu (n-1), Mongolia. The total sample only consists of
individuals from the Late Bronze-Early Iron Age transition (n=57) and the Xiongnu period
(n=94) (Figure 4.1).

4.2

Age Determination

The age distribution of the total sample is presented in Table 4.1, while Table 4.2
compares the age distribution between the Late Bronze-Early Iron Age and Xiongnu time
periods. To organize the skeletal sample for statistical analysis, I divided the data into three age
categories: young adult (18-35 years old), middle adult (36-65 years old), and old adult (66+
years). If there was insufficient skeletal material to determine the age of an individual accurately,
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I labeled the remains as indeterminate. Age was determined using several standard skeletal aging
techniques: pubic symphysis, cranial suture closure, and dental eruption (Buikstra and Ubelaker
1994). The total sample consisted of 37 young adults (26%), 61 middle adults (43%), 12 old
adults (8%), and 32 individuals whose age could not be determined (23%). I did not include
samples from Baga Gazaryn Chuluu and Egiin Gol for this distribution because these data were
not available.

Figure 4.7 Age distribution of total sample
The age distribution of the Late Bronze-Early Iron Age sample was divided as follows: young
adults (n=14), middle adults (n=21), old adults (n=5), and indeterminate individuals (n=17).
During data collection I was unable to determine the age of 15 Xiongnu individuals; therefore,
these remains were described as indeterminate. The three remaining age groups were distributed
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as follows: young adult (n=23), middle adult (n=40), old adult (n=7). Figure 4.2 presents the
distribution of the samples.

Figure 4.8 Comparison of age distribution between time periods

4.3

Sex Determination

Figure 4.3 presents the distribution of biological sexes throughout the entire sample and
Figure 4.4 shows the distribution between time periods. To represent biological sex, I divided the
available sample into male and female. If there was insufficient or ambiguous skeletal material to
determine the sex of an individual, I labeled the remains as indeterminate. This dissertation used
two areas of the skeleton for non-metric analysis: the cranium/mandible and pelvis (Buikstra and
Ubelaker 1994). To determine the sex of an individual the morphology of the sub-pubic angle
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and greater sciatic notch were analyzed. If either of these data were unavailable, sex
determination was assessed using the morphological variation of the skull and mandible. I scored
five cranial non-metric features (nuchal crest, mastoid process, supraorbital margin, glabella, and
mental eminence) on a scale of one to ten; a score of one represented a female skeletal
morphology and a five described the morphology of a male individual. The total sample
consisted of 71 males, 46 females, and 25 indeterminate individuals.

Figure 4.9 Distribution of sexes in total sample
Figure 4.6 presents the distribution of biological sex observed in the samples by time period. A
total of 17 Late Bronze-Early Iron Age individuals had an insufficient skeletal material or too
much taphonomic damage, and sex determination was unable to be determined. In total 29 males
and 17 females were included in the Late Bronze-Early Iron Age sample. The total Xiongnu
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sample consisted of 42 males and 29 females. Ultimately, I was unable to assign a biological sex
to nine sets of Xiongnu remains due to their poor preservation of lack of skeletal materials.

Figure 4.10 Comparison of sex distribution between time periods

Figure 4.11 Distribution of age categories (Late Bronze-Early Iron)
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Figure 4.12 Sex distribution of Late Bronze-Early Iron

Figure 4.13 Age distribution of Xiongnu
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Figure 4.14 Sex distribution during the Xiongnu

4.4

Regional Distribution of Sample

Mongolia is a country of massive scale, covering a total area of 1,564,116 km2, making it
the 18th largest country in the world. Contained within its current borders is an immense amount
of ecological diversity. As it relates to this study, this vast area and different habitats present the
potential for access to various food resources. Therefore, in this study I have designated three
major geographical zones in Mongolia. This step was carried out to ensure the absence of intersample variability potentially attributable to local diets and food resources. First, the Northern
Zone, is characterized by its proximity to Siberia and forested environments (Figure 4.9). The
sample for the Northern Zone consisted of 16 Late Bronze-Early Iron Age and 21 Xiongnu
period individuals and represent the aimags (Mongolian for provinces) of Selenge, Bulgan,
Khovsgol, and Uvs. Second, the mountainous environments of Western Mongolia characterize
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the Western Zone, represented by the Hangai and Altai ranges. This study used a total of 10 Late
Bronze-Early Iron Age and 28 Xiongnu individuals from the provinces of Khovd, Bayan Olgii,
Arhangai, and Bayanhongor. Finally, Mongolia is well known for its vast expanses of steppe and
desert-steppe environments in the south and central parts of the country. In this study, these areas
are designated as the Steppe Region and include five Late Bronze-Early Iron Age and 15
Xiongnu individuals from the aimags of Ulaanbaatar, Khentii, Tuv, and Dundgovi (South Gobi).
Figure 4.10 shows the regional distribution of this dissertations skeletal sample.

Figure 4.15 Distribution of skeletal sample by aimag
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Figure 4.16 Regional distribution of the skeletal sample

4.5

Conclusions

The intent of this chapter was to describe the sample used during the data analysis portion
of this dissertation research. Understanding the distribution of the sampled individuals regarding
regional variability allows for a broad interpretation of similarities and/or differences in DMTA,
macrowear, and dental pathological conditions of the Late Bronze-Early Iron Age and Xiongnu
period. Finally, knowledge of the distributional differences between age and sex categories can
be used to develop interpretations about gender and age patterns and their access to food
resources in Mongolian prehistory.
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DENTAL MASTICATORY WEAR – MICROWEAR

“According to Xiongnu custom,” replied Zhonghung Yue, “the people eat the flesh of their
domestic animals, drink their milk, and wear their hides, while the animals graze from place to
place, search for pasture and water. Therefore, in times of peace they enjoy themselves and have
nothing to do. - Records of the Grand Historian (Watson 1993: 144)

5.1

Introduction

The prevalence of mobile pastoralism across Eurasia has generated a wealth of research
that focuses on this form of subsistence. Archaeologists in Eastern Eurasia have concentrated
their attention on mechanisms that can account for the sporadic rise and fall of nomadic empires
(e.g., Turks, Uighurs, Mongols). The Xiongnu were the first mobile polity to emerge from the
Mongolian steppe, garnering enough power to legitimately challenge the Han Dynasty for
economic and political power in East Asia. Many anthropologists and historians have offered
hypotheses that account for the Xiongnu’s rise to power (Irons 1979; Barfield 1989; 2001;
Khazanov 1994; Kradin 2002). However, a central tenet of many of these hypotheses is the
reliance of nomadic polities on agrarian states. The role of agriculturally produced food products
is often at the core of interpretations arguing for steppe communities reliance on their sedentary
neighbors. Proponents of nomadic dependency argue that the marginal environment of the
Mongolian steppe coupled with the low productive yield of mobile pastoralism act as constraints
on the size and potential political fortitude of mobile populations. Therefore, the political
economies of large and influential mobile polities like the Xiongnu cannot be based solely on
pastoralism and must supplement diets with agricultural products such as millet, barley, and
wheat.
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The current research seeks to build off a growing body of anthropological literature
(Rogers et al. 2005; Honeychurch and Amartuvshin 2007; Houle 2009) that challenges the notion
of nomadic dependency. However, unlike previous studies by Mongolian scholars that have
predominantly used historical documentation and archaeological survey (Honeychurch and
Amartuvshin 2007; Houle 2009) to challenge nomadic dependency, this study utilizes
bioarchaeological evidence to address whether dietary foodways were a contributing factor to the
rise of the Xiongnu.
During the process of mastication, food particles produce microscopic features
(microwear) on the surface of a tooth indicative of the types of food an individual consumes.
Therefore, microscopic analysis of dental microwear can serve as a direct line of evidence to the
foodways of past populations and any fluctuations that may have occurred over time.
The chapter will focus on the research and results of a microwear technique known as
dental texture microwear analysis (DTMA), a methodology relatively new to the field of
bioarchaeology, initially described by Scott and colleagues (2005). DMTA can record and
analyze minute changes to the surface texture of a tooth (i.e., rough vs. smooth) that occur as a
result of food consumption. DTMA should be able to detect dietary fluctuations of steppe
populations during the transition from the Late Bronze-Early Iron Age into the Xiongnu period if
dependency theorists are correct in their assertion that pastoral steppe polities were reliant on
agriculturally produced foods. To test for dental texture differences, I use DMTA to analyze two
skeletal samples. The first sample is composed of individuals interred in Late Bronze-Early Iron
Age (1200 to 300 B.C.) burials. This time period associated with the rise and proliferation of
mobile pastoralism, limited interaction with the neighboring Chinese state, and a diet mainly
composed of herd animal products and supplemented by hunting and gathering of local
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resources. I then compare this pastoral sample to a second DTMA sample consisting of Xiongnu
individuals; a period characterized by political expansion and growth, increased interaction with
the Chinese state, and the supposed introduction of larger quantities of agricultural foods.
Therefore, based on currently archaeological evidence, this study tests the hypothesis that
foodways did not significantly contribute to the rise of the Xiongnu polity, indicated by no
significant differences in the DTMA results of the Late Bronze-Early Iron Age and Xiongnu
samples.

5.2

5.2.1

Background

The Chewing Cycle and Tooth Wear Facets
Before a discussion of evidence I use for dietary reconstruction, it is important to lay the

framework for the process of mastication. To achieve this goal, I will begin by describing the
chewing process and then move onto a discussion about the resulting dental wear facets. I should
also note that the descriptions that follow apply only to the posterior, or cheek, teeth (i.e.,
premolars and molars). While anterior teeth (i.e., incisors and canines) play a role in mastication,
they are primarily involved with ingestion. For example, the primary function of incisors and
canines is to grasp onto and snip off small portions of food, which the tongue and cheeks then
manipulate in the mouth. After this point, anterior teeth are only involved food reduction if
minor quantities of food move forward in the mouth, or if a person lacks cheek teeth altogether.
Since the microwear analyses of this research focus on forms of evidence derived from food
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reduction, the remainder of this chapter will focus on data derived from posterior teeth,
specifically molars.
Hiiemae (1985) broadly breaks the chewing cycle down into three movements: the
Closing Stroke, the Power Stroke (which is divided into Phase I and Phase II), and the Opening
Stroke. Generally speaking, chewing processes only take place on one side of the mouth at a
time, and mainly applies to the teeth that do a majority of the food processing - molars.
Therefore, when discussing the different strokes of mastication, one must understand that they
are only occurring on one side of the mouth at a time (i.e., a person processes food on the right
side of their mouth, then shifts to the left aspect, etc.).
The chewing cycle begins during the closing stroke with the mouth fully open, and the
teeth start to move towards one another. When the cusps of the molars come into contact with
each other, the chewing cycle proceeds from the Closing Stroke into the Power Stroke. During
the Power Stroke, the cusps of the molars come into full intercuspation with each other and begin
the process of grinding food (at this point called a bolus) into smaller portions. As mentioned
above, the Power Stroke is divided into two phases, which are important when examining how
mastication produces wear facets on the occlusal surface of the molars. During Phase I of the
Power Stroke the upper and lower molar cusps are sliding past each other toward centric
occlusion. This sliding action produces a sheering force between the lingual portion of the upper
molars, and the buccal surface of the lowers, shredding the food in between the two surfaces. As
the cusps hit full intercuspation the Power Stroke moves into Phase II, which is a mirror image of
Phase I. As the mouth begins to open out of complete centric occlusion, food is trapped and
crushed between the buccal surface of the mandibular molars and the lingual cusps of the
maxillary molars. Finally, the last segment of the chewing cycle, the Opening Stroke, begins
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when the coronal apices of the molar cusps disengage from each other, and the jaw moves back
into a fully open position.
DMTA tends to focus on microwear produced during the Power Stroke phase since this is
when a majority of the food processing occurs. Mastication creates two types of dental wear
facets during the power stroke: Phase I and Phase II facets. Distinguishing between these
features is important because Phase II facets tend to produce microwear structures that are
indicative of the food that is being processed and consumed (Krueger et al. 2008). During Phase
I the teeth begin sheering the food apart. Consequently, there is a lot of contact between teeth
during this phase. Thus, the microwear features produced on these facets are the product of tooth
on tooth contact and not the food particles themselves, because as the tooth cusps begin to slide
past each other, the microwear features produced by the food particles are “erased” when the
tooth is coming into centric occlusion. On the other hand, molars produce Phase II wear facets
when the teeth come into full centric occlusion with each other and total intercuspation is
achieved. During this phase, the tooth’s movement is parallel to the occluding tooth and food is
trapped within the talonid and trionid basins of a tooth. An individual produces microwear
features when the food particles become trapped and compressed on enamel surfaces of their
molars. Therefore, Phase II wear facets are more representative of the of an individual’s diet.

5.2.2

Microwear Features
Anthropologists have divided dietary microwear features into two different categories:

pits and scratches. Scratches are elongated microwear structures that researchers define as being
at least twice as long as they are broad and result when a person grinds food particles against the
enamel surface of their teeth. However, as Hillson (1996) points out, this definition has varied
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considerable among researchers from 2:1 (Gordon 1988) to as large as 10:1 (Teaford and Walker
1984). The standard for semi-automated microwear analysis was 4:1 (Ungar 1996). Pits are
another characteristic feature, described as small portions of enamel that a person has
inadvertently removed from the surfaces of their teeth during the process of chewing. The
breadth-length ratio of the microwear structure is less than 2:1.
As was described in the chewing cycles section, the production of microwear occurs
when an individual drags food particles along the enamel surfaces of their teeth during the first
and second phase of the power stroke. Since taphonomic damage to human remains is quite
common in the archaeological record, it is imperative that the anthropologist can distinguish
between microwear features produced during the life of an individual and non-dietary features
created after death (Teaford, 1988). While this may sound like a difficult task to accomplish,
there are several methods to tease apart dietary from taphonomic microwear. As previously
described dietary microwear is, typically, only present on specific areas of a tooth (i.e., Phase I
and II wear facets) because teeth only come into contact with each other on very specific areas of
the occlusal surface during mastication. There can be exceptions to this rule (malocclusion for
example). These observations should, however, be noted the researcher. Therefore, Teaford
suggests analysis of the overall microwear surface determine if any features appear to be suspect
or out of place from the typical patterns observed in wear facets produced duringPhase I or II.

5.2.3

Previous Dental Microwear Studies
Many of the methods anthropologists use to interpret the diets of past populations have

centered on microscope research and the types of information that they gain from studying
microscopic structures produced during mastication. Collectively, these features are known as
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microwear, and their patterns have been used by physical anthropologists to understand topics
ranging from the movement of the jaw during mastication (Hiiemae and Kay 1972; Kay and
Hiiemae 1974) to the biomechanical properties of the types of food consumed by an individual
(Lucas 2004). However, before the 1960s and 1970s little research was produced by the
anthropological community that studied correlations between food consumption and traits
manifest on the human dental remains.
Despite a lack activity by the anthropological community, many other disciplines took an
interest in the types of data that they could collect from dental microwear research. According to
Ungar and colleagues (2008), many of early dental microwear studies stemmed from the work of
Simpson (1933) who saw teeth as a guide for the precise movements of the jaw. Briefly stated,
Simpson suggested that the type of food a person consumes influences the way a tooth would
come into centric occlusion with another tooth. Furthermore, the morphological variation of a
person’s tooth reflects the consumption practices of that individual, since food plays a significant
role in the overall movement of the jaw. Different morphologies would allow foods with
different features (e.g., fracturing properties or toughness) to be processed more efficiently by
various jaw movements. Simpson’s study would lay the groundwork for subsequent researchers
who suggested microscopic scratches that occurred on the surface of a tooth correlated with the
type of foods consumed by a person. However, it was not until the work of Baker and colleagues
(1959) that a clearly outlined the relationship between foodways and microwear. In their study,
Baker and coworkers confirmed that the microwear features present on the occlusal surfaces of
sheep teeth were caused by the interactions of the jaw during mastication, phytoliths originating
from the consumed grasses, and the unintended introduction of grit into the oral cavity (i.e.,
extraneous abrasives not intended for consumption). Therefore, the movement of the jaw during
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mastication would scrape the food and additional abrasive agents across the surface of a tooth,
thus producing microwear features indicative of diet.
Analysis of dental microwear did not enter the anthropological literature until much later
with the work of Dahlberg and Kinzey in 1962 and Philip Walker in 1976. As with the research
conducted by other disciplines, these anthropological studies used optical light microscopy
(OLM) to study how living humans produced microwear features on their teeth (Dahlberg and
Kinzey 1962), while Walker (1976) conducted research on extant non-human primate
populations. These early anthropological studies provided a structural framework for the
correlation between microwear patterns and specific diets. For example, Walker noted that the
microwear striations on the teeth of frugivorus primate populations had a different orientation
then the striations of folivorous primates; thus, Walker suggested that primates with different
diets have distinct masticatory demands represented in dental their microwear. However fruitful
these early studies may have been, researchers noted the limitations of OLM because it only
allowed the researcher to make observations at low levels of magnification. Thus, researchers
could only make broad generalizations about the distribution, quantity, and patterning of
microwear features of the surface of a tooth. As a result of these limitations, anthropologists
interested in determining the reliability of microwear features as predictors of diet had to find
microscopic techniques capable of producing higher levels of magnification.
Using scanning electron microscopy (SEM) anthropologists were able to view dental
microwear features at a much higher resolution. This technique allowed the researcher to observe
different types of microwear features at increased levels of magnification. Previous research
using low powered OLM technology was able to follow the general distributional patterns of
dietary features but was never able to describe the features themselves. The higher magnification
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powers of SEM technology allowed the anthropologist to develop, establish, and identify
microwear patterns and features and then correlate these characteristics with particular types of
dietary preferences. Interestingly enough, the original and preeminent SEM study most often
cited by anthropologists interested in dietary microwear research did not even use humans, or
any other primate for that matter, as their study sample. Rather, Walker and colleagues (1978)
chose to study the seasonal feeding patterns of hyraxes to see what effect if would have on the
production of microwear features. They were able to demonstrate that distinctive feeding
patterns did, in fact, produce different types of patterning on the dental enamel surfaces of the
study sample. The animals that obtained their food through browsing (consuming plant leaves,
bark, and stems) tended to have highly pitted enamel surfaces, whereas animals that grazed
(clipping vegetation at or near the ground level) had higher occurrences of striations. This study
established and operationalized many of the fundamental criteria and principles that guided
dental microwear studies through the 1980s, 1990s, and into the present day.

5.3

5.3.1

Methods

Dental Microwear Texture Analysis (DMTA)
Despite the flaws associated with previous methods of dietary reconstruction, these

studies have formed the framework for many of the new techniques physical anthropologists
currently use to reconstruct the diets of archaeological populations. While modern technology is
slowly replacing many of the methods utilized by past studies, many of the theories and features
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proposed by previous researchers still provide the base from which current dietary
reconstructions operate.
Dental microwear texture analysis (DMTA) is a microscopic analysis that promises to
remedy problems that plagued conventional dental microwear analysis: 1) error associated with
observer measurements; and 2) the loss of surface microwear features due to the many variables
related to SEM analysis (Ungar et al. 2008). Texture analysis of dental microwear features
combines two distinct forms of analysis: white-light confocal microscopy and scale-sensitive
fractal analysis (SSFA). When combined, these analytical methods produce a quantitative
measurement of all the microwear characteristics present on the surface of a tooth. Also, DMTA
allows the observer to make repeated measurements using a three-dimensional rendering of the
tooth’s surface, which can be used to compare the surface texture between groups with different
dietary characteristics. The white-light confocal profiler (WLCP) records and creates a threedimensional ‘image’ of a tooth’s surface to ensure all observable microwear features as they
appear on the specimen. Thus there is no ambiguity or data loss. This characteristic of DMTA
represents a tremendous improvement over traditional SEM-based microwear study, which did
not include three-representations of the data. Additionally, this allows comparison to be made
between samples and researchers with minimal amounts of error since the researcher is studying
the surface in its entirety and is not limited to a SEM micrograph.
The quantitative aspect of DMTA sets it apart from other methods of microwear analysis.
As previously stated, either OLM and SEM studies used a highly qualitative type of analysis
associating particular striations to distinct foodways (Teaford 1991), or they utilize quantitative
methods riddled with observer error. DMTA remedies this problem by using scale-sensitive
fractal analysis (SSFA) to compare five independent variables. These variables include
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complexity (Asfc), scale of maximum complexity, anisotropy (epLsar), textural fill volume
(Tfv), and heterogeneity (HAscf). The SSFA software quantifies each of these variables from the
scan taken by the WLCP and allows the researcher to make inter- and intra-group observations
depending on the statistical difference between the groups (Scott et al. 2005; Scott et al. 2006).
For example, if a researcher hypothesizes that subsistence patterns of a group of frugivorous
versus folivorous primates are significantly different and will produce different patterns of dental
microwear, DMTA can be used to quantify unique microwear features and determine whether
there is a statistical difference between the groups and consumption patterns.
Researchers should note, however, that they can only conduct microwear analysis on a
particular area of the tooth. As was previously discussed, anthropologists separate the Power
Stroke into two phases. Since the movement of the jaw during these two periods is significantly
different, they produce distinct forms of microwear. When the molars come into full centric
occlusion with each other, they create Phase II wear facets. During this phase, food particles are
trapped and crushed in the basins of a tooth. Therefore, any microwear features formed during
this phase of the power stroke are more representative of the type of food consumed by an
individual. When these wear facets are analyzed using DMTA variables, several different
patterns emerge, which anthropologists can then utilize for comparative purposed between
populations. Scott and colleagues have described each of these five variables in previous
publications (2005; 2006). I briefly describe each of these variables below.
•

A high surface complexity (Asfc) on Phase II wear facet would have many pits and
scratches of various sizes and shapes.

•

A high scale of maximum complexity (Smc) on Phase II wear facet would have many
large pits, but very few small scratches.
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•

High anisotropy (epLsar) on Phase II wear facet would have many scratches all running
in the same direction.

•

Many deep features on Phase II wear facet would have a high textual fill volume (Tfv).

•

A high heterogeneity (HAsfc) on Phase II wear facet would have many different patterns
of pitting and scratching over the scanned surface.

The implications of DMTA go far beyond the recognition of microwear patterns. Ultimately,
dental microwear analysis of Phase II wear facets can determine if a group has altered their diet
across temporal or cultural horizons because of the differing biomechanical properties required
to breakdown and process various foods.
Anthropologists have offered up many different reasons for what causes a community to
abandon their old means of subsistence in lieu of a new type of foodways. At both the population
and individual level, people encounter and must negotiate their way through social, economic,
and political factors that have the potential to change normative behaviors that affect the
production of biological features. For example, the introduction of new foodways has the
potential to effect microwear patterns if the people within a community either decided to accept
the newly introduced food or reject it based on previously established cultural norms. Therefore,
the anthropologist can interpret changes experienced by a person or population in the
archaeological past through the use of skeletal and dental features, even at a microscopic level.
This last paragraph feels a bit out of place.

5.3.2

Specimen Casting
DTMA samples were prepared using standard methods used for microwear analysis. One

significant difference between sample preparation for DMTA analysis and SEM analysis is that
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specimens do not have to be sputter coated and mounted. All samples were cleaned using a soft
bristle toothbrush and rubbing alcohol to remove any extraneous materials (e.g., dirt or grit)
present on the occlusal surface. Molds of the crown were made using President’s Jet regular
body dental impression material and casts were poured using epoxy resin and hardener (Super
Hard Epoxy Resin®).

5.3.3

Sample Scanning Using WLCP
Three-dimensional point clouds of each specimen were generated using the Sensofar Plµ

WLCP housed in the Indiana Prehistory Laboratory at the University of Indianapolis. The images
produced for this study (Figure 5.1) are not direct photographic images of the examined surface,
but rather digital representations composed of thousands of data points obtained from scan
created by the confocal microscope. Initial observations of each specimen were conducted with a
10x objective, allowing the researcher to find suitable facets on tooth surfaces. This methodology
permits the researcher to rapidly determine whether a sample should be included or excluded
from the study. If a specimen is found to have dietary microwear on a Phase II wear facet, the
researcher adjusts the WLCP objective to 100x for a more refined view of the surface area, and
WLCP takes four contiguous scans of the studied surface. After the scan, the three-dimensional
data cloud image can be altered using the SolarMap® software program. This software program
allows the analyst to remove any areas of the image that the researcher deems as suspect (e.g.,
adherent dirt or grit not removed while cleaning a specimen for the molding process). Digital
cleaning is not altering or manipulating the data of a study, but rather as the removal of areas that
do not accurately represent the surface of a tooth, and therefore produce false results if included
in the dataset. Figure 5.1 shows where suspect areas have been “erased” from the data.
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Figure 5.17 Scan of a tooth surface using a white-light confocal microscope (“erased” areas in
yellow).

5.3.4

DTMA Variable Analysis
DTMA variables were calculated using the software packages Sfrax® (Tfv) and

Toothfrax® (epLsar, Asfc, Smc, and HAsfc). Both software packages analyzed the scanned
samples using scale-sensitive fractal analysis, which according to Scott and colleagues (2005) is
“an objective and repeatable approach to quantifying the complexity and directionality of surface
roughness and their scales.” The scale-sensitive fractal analysis assumes that the observable
amount of surface texture will change according to the amount of magnification a researcher is
using to view an object. During the gross examination of a tooth’s enamel surface, it may appear
to be smooth. However, once the objective of the WLCP is changed (i.e., from 10x to 100x)
some observable features and surface texture will change accordingly. In mathematics,
researchers use elaborate Mandlebrot Sets to demonstrate this concept. The resulting
combination of these two forms of analysis allows an investigator to quantify the surface texture
of a specimen using the previously outline DMTA variables, thus allowing for comparison
between different samples.
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5.3.5

Statistical Analysis
All analyses were run using the using the statistical package SPSS 24.0. For the DTMA

data, statistical analyses were performed on the results of the scale sensitive fractal analysis
results computed using Sfrax and Toothfrax software, rather than osteological marker directly
observed and recorded from skeletal materials (i.e., the number of dental caries/antemortem lost
teeth or amount of macrowear).
Values were produced using the dental texture variables (Tfv, Asfc, and epLsar) as the
dependent variable and tested against the independent variables of time period, age category, and
sex. To analyze the DMTA data and test for significant differences, analysis of variance
(ANOVA) was used because of the large sample size and the multiple sets of data that needed to
be analyzed. However, before running any statistical analyses the collected data must meet
several assumptions made by ANOVA. The sample must be random and all members of the
sample population are given an equal opportunity to be selected (Madrigal 1998). Once
established that the variables were evenly distributed, ANOVA was used to test for significant
differences. First, I tested an individual dental texture variable against single independent
variable (i.e., Tfv vs. sex). Second, texture variables also were tested against multiple
independent variables (e.g., epLsar vs. time period and age category) to see if the interaction
between them is statistically significant. For example, Schmidt and colleagues (2016) found
discernable difference in the dental microwear textures of agriculturalists and pastoralists. This
study showed that pastoral populations tend to have significantly lower Asfc, epLsar, ad Tfv
texture values when compared to agricultural populations. Finally, all statistical results discussed
in this chapter (and throughout the entirety this dissertation) were conducted setting the level of
significance (p-value) at 0.05. Any values lower than this level would indicate a significant
difference in the microwear values between the Late Bronze-Early Iron Age and Xiongnu
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samples. The total samples available for DMTA analysis fluctuated depending on the
osteological remains available to reliable age (n=43) and sex (n=52) determination.
Finally, it should be noted that a slight adjustment needed to be made to the sampled
individuals when they were sorted into age categories. Since the age group labeled “old adults”
only contained four people, they combined with the “middle adult” category. This step was done
to avoid any false results potentially introduced by a small sample size.
Table 5.3 Samples removed for Tfv analysis
Sample Number

Time Period

Tfv Value

AT 59

Late Bronze-Early Iron Age

17802.95

AT 141

Late Bronze-Early Iron Age

810.76

AT 145

Xiongnu

19483.66

AT 155

Xiongnu

17022.18

AT 357

Xiongnu

12736.08

AT 366

Xiongnu

19996.31

AT 367

Xiongnu

16040.69

AT 491

Late Bronze-Early Iron Age

142.92

AT 535

Xiongnu

1373.60

AT 538

Xiongnu

1906.74

AT 628

Late Bronze-Early Iron Age

18308.74

AT 674

Late Bronze-Early Iron Age

4693.70

AT 703

Xiongnu

10342.01

AT 757

Xiongnu

7250.68
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5.4

5.4.1

Results

Textural Fill Volume (Tfv)
The analyzed sample for textural fill volume (Tfv) consisted of a total of 63 individuals.

Fourteen samples were removed from the study because they were either statistical outliers or
had data errors, where the software failed to take a measurement because of nuances in the data
cloud. Table 5.1 presents these individuals and their respective values and Table 5.2 shows the
statistical results using ANOVA.
There was no significant differences (p=0.315) when I tested textural fill volume against
both individuals from the Late Bronze-Early Iron Age (n=25) and Xiongnu period (n=34). This
pattern held true when ANOVA was used to test for differences between males (n=24) versus
females (n=15) (p=0.138) and young adults (n=11) versus middle adults (n=20) (p=0.341).
Finally, I tested Tfv against multiple independent variables: time period*age category, time
period*sex, sex*age category, and time period*age category*sex; none were found to have any
significant differences when using ANOVA (significance respectfully: 0.717, 0.846, 0.615, and
0.967). The distribution of Tfv values for Age, Sex, Time Period, and Region are presented in
Figures 5.1-5.4 (respectively).
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Table 5.4 Statistical results for Tfv
Variable

p-value

Time Period

0.315

Age Category

0.341

Sex

0.138

Time Period*Age Category

0.717

Time Period*Sex

0.846

Sex*Age Category

0.615

Time Period*Age Category*Sex

0.967

Figure 5.18 Distribution of Tfv values by age category
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Figure 5.19 Distribution of Tfv values by sex

Figure 5.20 Distribution of Tfv values by time period
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Figure 5.21 Distribution of Tfv variables by region

5.4.2

Anisotropy (epLsar)
A total of 64 individuals were available for Anisotropy (epLsar) analysis (Table 5.7).

Thirteen samples had to be removed from the study sample because the epLsar values they
yielded were statistical outliers. Any samples removed from this research produced values that
were either exorbitantly high or low compared to typical values generated during this research
and other DMTA studies (Schmidt et al., 2016). These atypical values are the result of factors
outside of the control of the researcher during the data collection process. Since the researcher
cannot see microwear during the casting process, it is unknown whether the Phase II wear facets
used for data collection were inadvertently altered due to taphonomic processes, inadequate
curation, or even improper casting. These non-masticatory related flaws cannot be observed until
the sample has been cast and analyzed, thus resulting in microwear values dissimilar to wear
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produced during the human chewing process. In the case of epLsar, the pattern created through
human mastication are long striation all oriented in the same direction. Table 5.3 presents the
specimens that I deleted from this research, including their associated epLsar values. Therefore,
any values present in Table 5.3 are the result of non-masticatory microwear and are exemplified
by widely erratic striations and therefore unrepresentative of an individual’s diet.
To test for statistical differences, ANOVAs were run using either time period, age
category, or sex against epLsar as the independent variable (Table 5.4). Statistical testing found
no difference (p=0.919) when comparing the Late Bronze-Early Iron Age (n=25) to the Xiongnu
period (n=38). In addition, no statistical differences were found when young adults (n=10) were
compared to middle adults (n=24) (p=0.755) and when males (n=24) were tested against females
(n=17) (p=0.177). Finally, no statistical differences were observed when multiple independent
variables were tested against epLsar: time period*age category=0.667, time period*sex=0.397,
sex*age category=0.238, and time period*age category*sex=0.238). Figures 5.5-5.8 present
epLsar value distribution by Age, Sex, Time Period, and Region (respectively).

Figure 5.22 Distribution of epLsar values by age
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Table 5.5 Samples removed from epLsar study
Sample Number

Time Period

epLsar Value

AT 100

Late Bronze-Early Iron Age

0.0077

AT 105

Late Bronze-Early Iron Age

0.0070

AT 121

Late Bronze-Early Iron Age

0.0073

AT 161

Xiongnu

0.0071

AT 268

Xiongnu

0.0072

AT 296

Xiongnu

0.0070

AT 361

Xiongnu

0.0067

AT 370

Xiongnu

0.0093

AT 538

Xiongnu

0.0001

AT 607

Late Bronze-Early Iron Age

0.0006

AT 628

Late Bronze-Early Iron Age

0.0071

AT 691

Xiongnu

0.0008

AT 769

Late Bronze-Early Iron Age

0.0005

Table 5.6 Statistical results for epLsar
Independent Variable

p-value

Time Period

0.919

Age Category

0.755

Sex

0.177

Time Period*Age Category

0.667

Time Period*Sex

0.397

Sex*Age Category

0.238

Time Period*Age Category*Sex

0.843
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Figure 5.23 Distribution of epLsar values by sex

Figure 5.24 Distribution of epLsar values by time period
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Figure 5.25 Distribution of epLsar values by time period

5.4.3

Scale of Maximum Complexity (Asfc)
A total of 72 samples were available for analysis using scale of maximum complexity

(Asfc) (Table 5.7). Three individuals were removed from the final study samples because their
complexity values were deemed to be outside of the normal range of variation (a typical range of
Asfc values range from 0.4-2.0). Any Asfc variable falling outside of this range would be highly
suspect in terms of natural microwear produced through mastication (e.g., the highly pitted
surface attributed to taphonomic damage or inadequate curation and therefore unsuitable for
proper analysis). Table 5.5 presents the individuals removed from this study.
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Table 5.7 Asfc samples removed from the study
Sample Number

Time Period

Asfc Value

EG I T 48

Xiongnu

2.016

AT 752

Xiongnu

2.014

AT No #

Late Bronze-Early Iron Age

2.523

Table 5.8 Statistical results for Asfc
Independent Variable

p-value

Time Period

0.94

Age Category

0.22

Sex

0.31

Time Period*Age Category

0.56

Time Period*Sex

0.42

Sex*Age Category

0.12

Time Period*Age Category*Sex

0.56
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Figure 5.26 Distribution of Asfc values by age
ANOVAs were used to test for significant differences using complexity as the
independent variable and age category, sex, and time period as the dependent variables. In all
three cases no significant difference was found (Table 5.6). Even when I tested multiple
independent factors against Asfc (i.e., Asfc vs. age category, sex, and time period) no statistical
differences were found (Table 5.6). Distribution of Asfc values by Age, Sex, Time Period, and
Region are presented in Figures 5.9-5.12.
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Figure 5.27 Distribution of Asfc variables by sex

Figure 5.28 Distribution of Asfc values by time period
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Figure 5.29 Distribution of Asfc values by region

5.4.4

Regional Analysis of DMTA Variables
To understand whether ecological diversity (i.e., food resources available in different

areas of Mongolia) affected the mean DMTA values I divided the study sample into several
different groups. I took this approach for several reasons. First, the regional environmental
resources utilized by mobile pastoralist populations may affect the type of data being gathered by
DMTA research. The types of food resources groups consumed in the northern region of
Mongolia may be different from those in the southern steppe region, or out west in the more
mountainous areas. Second, the proximity of a mobile group to Chinese populations may affect
consumption patterns, as agricultural goods would be more readily available than in other
regions of Mongolia.
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5.4.4.1 Regional Analysis of Tfv
Table 5.7 presents the results of the regional statistical analysis of Tfv. Mean values of
34304.80, 31986.68, and 40608.17 were recorded for the Northern, Western, and Steppe regions,
respectively. ANOVA yielded a p-value of 0.12, thus indicating the mean Tfv values were not
statistically different from each other.

Table 5.9 Regional analysis of Tfv
Region

Mean Value

Northern Zone

34304.80

Western Zone

31986.68

Steppe Region

40608.17

p-value

0.12

5.4.4.2 Regional Analysis of epLsar

ANOVA was used to compare the mean epLsar values of the different regions. Table 5.8
presents these results. When I compared the Northern Zone (0.001352), Western Zone
(0.001783), and Steppe region (0.001729) to one, another ANOVA produced a p-value of 0.104.
Therefore, the mean epLsar values from the three regions were not statistically different.

Table 5.10 Regional analysis of epLsar
Region

Mean Value

Northern Zone

0.0013

Western Zone

0.0017

Steppe Region

0.0017

p-value

0.104
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5.4.4.3 Regional Analysis of Asfc

Table 5.9 presents the statistical results of the regional analysis of Asfc. Analysis of Asfc
yielded mean values of 0.991583 for the Northern Zone, 0.931383 for the Western Zone, and
0.933063 for the Steppe Region. When ANOVA was used to compare these values, a p-value of
0.295 was produced indicating that the Asfc values for the three different regions were not
statistically significant.

Table 5.11 Regional analysis of Asfc
Region

Mean Value

Northern Zone

0.991583

Western Zone

0.931383

Steppe Region

0.933063

5.5

p-value

0.29

Preliminary Discussion

Several important conclusions to be drawn about the diet and foodways of Late BronzeEarly Iron Age and Xiongnu populations using the data presented in this chapter. First, the
results of all three DMTA variables (Tfv, Asfc, and epLsar) indicate that the consistency of the
diet being consumed by the sampled populations remained stable between the two time periods.
This result is crucial because it supports the hypothesis that the Xiongnu polity did not rely on
outside sources of food to bolster their pastoralist economy. In other words, the foodways of the
steppe pastoralists remained unchanged between the Late Bronze-Early Iron Age and Xiongnu
period. These data stand in stark contrast to the hypotheses suggested by dependency theories. If
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the Xiongnu did rely on agricultural foods, one would expect to see a sharp contrast between the
DMTA results of individuals from the Late Bronze-Early Iron Age and the data describing the
Xiongnu, a political economy supposedly being supported by food products produced by
sedentary communities. What we would expect to see from the DMTA results are completely
different surface texture results: one indicative a meat reliant diet (i.e., Late Bronze-Early Iron
Age populations) and one indicating the consumption of agricultural foods (i.e., Xiongnu
populations). I am convinced by your results. I would just add that you may wish to qualify
slightly your conclusion and simply say “based on your sample”. I still wonder if another
variable – status – might have some impact on results. If you had high status burials, might they
show some differences? I don’t know, I just think you might want to add the qualifier.
Research using dietary mircowear analysis as a tool for determining foodway similarities
and differences are quite prevalent within the bioarchaeological literature (Grine 1986, Molleson
et al., 1993, Schmidt 2001, Teaford et al., 2001). For example, Schmidt (2001) was able to show
a subtle shift in the types of foods being consumed by Late Archaic and Early/Middle Woodland
populations in Southern Indiana and Northern Kentucky. This study, and others like it, shows
that dental microwear analysis can elucidate dietary transitions that may be obscured or
overlooked with other methodologies. For example, the shift described by Schmidt (2001) did
not include a change in stable carbon isotope levels; both dietary regimes focused on the
consumption of C3 plants. Yet, the later Early-Middle Woodland (3000-1500 BP) populations
had a distinctively different diet characterized by pitted enamel surfaces. In contrast, Late
Archaic (5500—3000 BP) groups lacked pitted microwear features on their occlusal surfaces and
were marked by deep scratches. These studies have important implications for DMTA analysis
since, like SEM-based research, we are principally looking at overall changes in the surface
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texture of a tooth caused by differences in diet. What this research has shown when compared to
other DMTA studies is that the textural signature of prehistoric Mongolian pastoral populations
is distinguishable from other populations. For example, when compared to DMTA samples of
known foragers and agricultural groups, Mongolian pastoral communities have distinctive Tfv
and epLsar values (Schmidt et al., 2016).
The DMTA data presented in this study show are that there is no statistical difference
between any of the results suggesting that the type of foods consumed between the Late BronzeEarly Iron Age and Xiongnu period remained relatively uniform over time. DMTA results
produced low Asfc, epLsar, and Tfv values, a result that parallels the findings of Schmidt and
colleagues (2016), a study which found quantifiable differences between pastoralists and
agriculturalists. This information is important to remember because historical documents suggest
that the Xiongnu were consuming greater amounts of agricultural foods than their Late BronzeEarly Iron Age pastoral counterparts. If this were, in fact, true, as dependency theory and
ethnohistoric records suggest, then the DMTA values of the Xiongnu should cluster closer to
groups of known agriculturalists. What the results of this research show, however, is entirely the
opposite. The Xiongnu are statistically very similar to pastoral populations from the Late
Bronze-Early Iron Age and do not cluster with the DMTA values of known agricultural
communities (Schmidt et al., 2016)
Comparable DMTA results also extend into age and sex categories. Comparisons
between the DMTA variable of young and middle adults showed no statistical difference
(Tfv=0.341; Asfc=0.22; epLsar=0.755). These results are interesting because it helps to negate
some of the criticisms leveled against dietary microwear analysis, at least as it applies to age
categories. In his 1986 study, Grine described how dental microwear changes rapidly over the
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life of an individual, and therefore the patterns anthropologists use to reconstruct past diets only
represents the food that was eaten just before death; a phenomenon that has since been labeled
the “Last Supper” effect. The results of the current study show that the surface texture values of
prehistoric Mongolian populations remain relatively constant between young and middle adults.
This result suggests that the types of food remained relatively consistent throughout the time, and
regardless of the individual’s age. When I included older adults with the middle adult sample, for
statistical reasons, no significant results were produced (Tfv=0.359; Asfc=0.22; epLsar=0.602).
When the texture values of young and middle adults are further teased apart using time period
and/or sex as independent variables, no statistical differences were noted.
Table 5.12 DMTA variables presented by region
Region

Tfv Value

epLsar Value

Asfc Value

Northern Zone

34304.80

0.001352

0.991583

Western Zone

31986.68

0.001783

0.931383

Steppe Region

40608.17

0.001729

0.933063

No statistical differences were observed between texture variable of males and females
(Tfv=0.138; Asfc=0.311; epLsar=0.177). The types of foods being consumed by both males and
females were relatively consistent, and there were no major differences in the hardness or
abrasiveness of the foods being consumed by the sexes. When I added the variables of time and
time period into the equation, testing concluded that there were no statistical differences (Tables
5.2, 5.4, and 5.6). Finally, when the mean values of the DMTA variables (presented in Table
5.10) from the Northern Zone, Western Zone, and Steppe Region were compared to one another,
no significant differences were found. These data allow for several conclusions. First, the Asfc
values both the Late Bronze-Early Iron Age and Xiongnu samples are extremely low when
compared to other groups of hunter and gatherers and agriculturalists (Schmidt et al., 2016). This

99
result suggests that the type of food consumed by Late Bronze-Early Iron Age and Xiongnu
samples produced microwear features that are very shallow and faint and are therefore consistent
with a very soft diet (i.e., meat consumption).
Second, despite the geographical distribution of sampled individuals, the regional DMTA
analysis showed no differences. Even though Late Bronze-Early Iron Age and Xiongnu
communities that lived in the northern, western, and steppe regions of Mongolia had access to
different localized food resources (e.g., fishing, hunting, and gathered food), these regional
differences were merely supplemental and did not affect the microwear data collected during
DMTA.
Finally, even though the steppe region is closer in geographic proximity to the
agricultural resources of Chinese communities than the northern and western regions, the mean
DMTA values of the three different regions are remarkably similar to each other; all statistical
analyses produced p-values greater than 0.05. Therefore, DMTA of the sampled individuals does
not support the assumption that pastoral communities living in closer proximity to the Chinese
border consumed the agricultural food at a level dispropotionate to other, further removed, areas
of Mongolia. However, I should note that the Late Bronze-Early Iron Age and Xiongnu data
presented in this chapter are strictly limited to archaeological specimens excavated from
Mongolia, and do not include these communities that lived within the modern geopolitical
boundaries of China.

5.6

Conclusions

This chapter introduced DMTA as an emerging technique for dietary reconstruction and
highlighted its potential use in analyzing bioarchaeological specimens. The three DMTA
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variables utilized for this study (Tfv, Asfc, and epLsar) were tested against time period, age
category, and sex. ANOVAs were used to test for statistical differences between these factors
and the DMTA variables, and on all accounts no significant differences were discernable. These
data suggest that dependency theories may not be entirely valid. Rather, what the data presented
in this chapter suggest is that the foodways of the Xiongnu and Late Bronze-Early Iron Age
populations remained relatively consistent throughout time. This chapter has addressed only one
facet of dietary reconstruction, and data indicate that there was continuity between the Late
Bronze-Early Iron Age and the Xiongnu period. The chapters that follow will address other
avenues of dietary reconstruction as they relate to the hypotheses presented in this research.

101

DENTAL MASTICATORY WEAR - MACROWEAR

The animals they raise consist mainly of horses, cows, and sheep, but include such rare beasts as
camels, asses, mules, and the wild horses known as taotu and tuoji. They move about inn search
of water and pasture and have no walled cities or fixed dwellings, nor do they engage in any
kind of agriculture. – Records of the Grand Historian (Watson 1993: 129)

6.1

Introduction

Dental macrowear is broadly defined as the gross obliteration of dental hard tissues. At
the macroscopic level this destructive process can be systematically recorded so these data can
be used for comparative purposes (e.g., within or between populations). This chapter deals with
gross dental wear and the way in which it can be used to understand generalized dietary features.
When macrowear data are compared, the results can be used to find similarities and differences
in the overall consistency of the diet (e.g., a hard and abrasive versus soft foods). More
specifically, this portion of the research addresses how the observed results of dietary macrowear
during the Late Bronze-Early Iron Age and Xiongnu Period can be used to elucidate dietary
similarities and differences.
This chapter uses dental macrowear as a lens through which dependency hypotheses can
be addressed. It is expected that if agricultural foods played a significant role in the consumption
patterns of the Xiongnu, and not Late Bronze-Early Iron Age populations, there should be a
recognizable difference in the recorded macrowear scores. However, if the consumption of meat
proteins remained a central focus of the Xiongnu diet, little if any, discernable macrowear
variation should be observed between the two time periods. Finally, this chapter explores how
and why dental macrowear data are positively correlated with data gathered on the age and sex of
individuals from the Late Bronze-Early Iron Age and Xiongnu Period.
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6.2

6.2.1

Background

General Characteristics of Dental Macrowear
Before a discussion of the methodologies anthropologists have used to analyze and record

dental macrowear, the actual process of tooth wear (sometimes called attrition) is described. In
order to adequately explain how a tooth is worn one must understand that dental wear occurs in
two planes: maxillary and mandibular. Maxillary teeth wear in entirely different manner then
mandibular teeth. It should also be noted that dental attrition usually follows a population
specific pattern due to similarities in the masticatory process. The process of maxillary tooth
wear usually follows a set and somewhat predictable pattern, a pattern that is distinct from the
wear patterns of mandibular teeth. However, as Hillson (1996) points out intrapopulational
idiosyncrasies will cause some variations from person to person depending on a variety of factors
(e.g., malocclusion, pathology, and antemortem tooth loss).
The permanent maxillary dentition typically follows a process by which the mesiolingual
cusp is the first to become blunted through contact with its corresponding tooth in the mandible
(generally followed by the buccal and distolingual cusps). Given enough time, the enamel of the
cusp will wear down to the point that the underlying dentin becomes exposed. This process
begins as a small dot or pinpoint and gradually becoming so significant that the exposed dentin
coalesces with exposed dentin on other areas of the occlusal surface, thus forming a large
exposed dentin area that is surrounded by an enamel ring. It is observed that the lingual cups of
mandibular molars tend to wear more rapidly than the buccal cusps (Hillson 1996).
While the wear patterns on the mandibular teeth are directly produced by occlusion with
maxillary teeth (i.e., maxillary teeth cause wear on mandibular teeth, and vice versa), the
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observable patterns and are quite distinct. The actual process of enamel reduction and dentin
exposure is virtually identical to the process observed in the maxillary dentition, the cusps of the
tooth become blunted and ground down through mastication, and eventually, the underlying
dentin is exposed. However, unlike the upper molars, mandibular molars tend to wear more
rapidly on the buccal aspect of the tooth, rather than the lingual portion. Generally, the
mesiobuccal cusp is the first to exhibit signs of attrition, which is then quickly followed by the
distobuccal cusp and eventually the lingual cusps. In essence, what we begin to see when the
wear patterns of upper versus lower molars are compared is a mirror image of each other,
maxillary teeth typically showing a greater amount of wear on the lingual cusps and mandibular
wearing faster on the buccal portion. This wear pattern is due in part to the arrangement of the
maxillary and mandibular dental arcades, where the maxillary teeth sit just mesial to their
mandibular counterparts.

6.2.2

Scoring Macrowear
Anthropologists have devised many different scoring systems that describe the continued

attrition of dental hard tissues over the course of an individual’s lifetime (e.g., Molnar 1971;
Scott 1979; Smith 1984). Many of these recording methods are extremely efficient, meaning that
they can be used to rapidly record observable attrition on large collections in a minimal amount
of time. These scoring systems have significantly contributed to our understanding of the
different ways the human dentition is worn over time. Generally speaking, we understand that
there are several different patterns of normal dental attrition. First, under normal circumstances,
there is usually little, if any, difference between the wear of a tooth on the right side of the mouth
versus the left. Therefore, it is an acceptable method to score wear either on the left or right side
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of the dental arcade if a tooth’s antimere is not present for analysis (Scott 1979; Walker et al.
1991). Hillson (1996) does note, however, that most studies, in order to maintain consistency,
only score dental attrition present on the left side of the arcade. Second, due to the timing of
eruption patterns, first molars generally have a higher wear score than second molars, which
have a higher wear score than third molars. This trend is easily explained by the fact that the first
molar erupts earlier (~ age 6) than the second (~ age 12) and third molars (~ age 18), thus giving
them a more time to accrue a greater amount of hard tissue attrition. It is this process of dental
eruption that has been the basis for many of the dental scoring systems discussed in the chapter
(e.g., Murphy 1959; Molnar 1971; Lunt 1978). In many of these cases, attrition scores for a tooth
can be “standardized by expressing it as a proportion of the first molar score,” thus allowing for
comparisons between different populations, and allowing for assumptions to be made about diet
if differences are noted between attrition scores (Hillson 2005).
Data gathered from dental attrition studies have been applied to archaeological
populations in several different capacities (Skinner 1997; Hillson 2001; Mays 2002, Watson
2008). Primarily, these studies have been used to understand the wear differences among various
populations, especially as they relate to the several types of subsistence patterns (e.g., hunters
and gatherers, agriculturalists, and pastoralists) (Smith 1984). Many studies have shown that the
dental attrition of hunters and gathers tends to proceed more rapidly than other populations,
especially when compared to communities of agriculturalists. In fact, some of the lowest dental
attrition scores can be attributed to populations that rely on meat as a staple food in their diet. For
example, Littleton and Frohlich (1993) were able to demonstrate that the dental attrition scores
varied widely for Bronze and Iron Age populations from the Arabian Gulf depending on the type
of subsistence. Overall, their finding showed that marine dependent peoples demonstrated the
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highest degree of wear, which was followed by populations of mixed economies (e.g., agropastoralists), and finally intensive gardeners. One of the main contributing factors to the amount
of dental wear is the volume, type, and efficiency of food preparation. For example, populations
that consume grains processed by stone grinding tools tend to show extreme amounts of dental
attrition (Eshed et al. 2005). However, communities reliant on maritime resources also show
extreme amounts of wear caused by the gritty nature of these food sources (e.g., shellfish), but
also due in part to the preparatory processes. The smoking and drying of fish among Eskimo and
Aleutian populations for the purpose of storage and preservation has also been shown to
contribute to the high rate of attrition among these groups (Pedersen 1947; El Zaatari 2006).
Finally, one cannot eliminate the effect environmental influences have on the amount of occlusal
macrowear, especially if an archaeological population lived in an environment where they were
regularly exposed to gritty substances that were inadvertently introduced into the oral cavity of
an individual. Sandy conditions, in particular, have been shown to have a positive correlation
with increased amounts of observable macrowear on both archaeological (Eshed et al. 2005) and
living populations (Kaidonis et al. 2007).
Given the types of variations described above, an anthropologist must take into careful
consideration the types of samples they are using for comparative purposes. As Walker and
colleagues carefully outlined in 1991, and Hillson reiterates (2005), there are problems of
subjectivity when it comes to macrowear studies, and therefore they should be used carefully.
Chief among these concerns are the amount of potential inter-observer error when recording
wear scores. Keeping these precautions in mind, anthropologists have produced several different
scoring systems to record dental attrition. Two of the more well known and widely used systems
of scoring were produced by Scott (1979) to describe the posterior teeth (outlined in the methods
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section of this chapter) and Smith (1984) to analyze the anterior dentition (i.e., incisors, canines,
and premolars). It was the work of Murphy (1959) that influenced many of the subsequent
studies of dental attrition by describing eight stages of dental the attrition. In fact, anyone who
has used Smith’s (1984) scoring system will notice that the scoring stages of one
(unworn/polished occlusal surface) through eight (complete obliteration of enamel crown),
mirror the stages described by Murphy several decades earlier (Hillson 1996).
Two final points should be made about the comparison of dental attrition scores. First, the
progression of dental attrition is correlated with the age of an individual. This information should
come as no surprise, given that the degenerative effects of mastication on the enamel and dentin
of a tooth progress throughout the life of an individual, becoming more and more severe as a
person ages. This process has been evidenced by the many anthropological studies that have
attempted to correlate, with varying degrees of success, the amount of observable dental attrition
with the age of an individual (e.g., Brothwell 1968, 1989; Miles 1962). Second, anthropologists
have attempted to establish a correlation between the amount of recorded dental wear and the
biological sex of an individual. As with many other characteristics of attrition, discrepancies
between male and female tooth wear rates seem to be highly variable between different
populations due to a multitude of various factors. For example, Molnar (1971) found that there
were significant differences in the attrition rates of males and females in three Native American
populations from the American Southwest, California, and Mexico. Lovejoy (1985), however,
was able to demonstrate that Late Woodland Libben Native American populations showed no
significant variation between the dental attrition of males and females.
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6.3

6.3.1

Methods

Macrowear Scoring
The dental attrition system that was utilized during the research portion of this

dissertation was developed by Scott (1979) and is outlined in Standards for Data Collection from
Human Skeletal Remains (Buikstra and Ubelaker 1994). Scott’s original study was a detailed
way of describing the visible wear on the occlusal surface of a molar (Figure 6.1) and avoided
many of the pitfalls (i.e., recording secondary dentin) of previous studies (Brothwell 1968). The
basic premise of the Scott system is that an individual molar is divided into four separate
quadrants, all of which are scored separately from each other on a scale of one to ten
(unobservable teeth are scored zero) depending on the amount of enamel that has been removed
and exposed dentin. The four separate quadrant scores are then summed to produce a number
between four and forty, which can then be used to compare the amount of molar dental attrition
between study samples. While some authors have commented on the complexity of this system
(Hillson 1996), research conducted by Cross and colleagues (1986) suggested that this method
for scoring molar attrition showed little inter- and intra-observer bias.

6.3.2

Statistical Analysis
All statistical analyses were conducted using SPSS 24.0. Mean values were calculated for

all macrowear scores on sampled first and second molars. Analysis of variance (ANOVA) was
used to explore differing dental wear expressions with the mean first and second molar
macrowear scores as the dependent variable. Scores were tested against the factors of Age Group
(divided between young, middle, and old adult), Sex (male and female), and Time Period (Late

108
Bronze-Early Iron Age and Xiongnu Period). Initially, the dependent variable was tested against
a single factor; subsequently, the dependent variable was tested against the second and third
factors. However, some concerns emerged with each successive ANOVA test. First, it was noted
that the small sample of Old Adults was problematic. Therefore, the Old Adult subcategory was
folded into the Middle Adult category. Finally, to test all three independent variables (age, sex,
time) against the mean molar macrowear scores, both first and second molar wear scores were
folded into the into a single category (M1M2 Average). This measure served to increase the total
number of teeth available for statistical analysis, thus allowing for a more robust, and potentially
representative, analysis of the observed macrowear. Finally, due to the variable nature of third
molar anatomy (Hillson 1996), their placement in the jaw along the Curve of Spee (curvature of
the occlusal plane), and the potential impact these factors have on the expression of macrowear,
all third molars were not included in the study sample.

6.4

Results

Table 6.1 presents the mean M1M2 Average scores as distributed between age category,
sex, and time period. This table shows a positive relationship between the age of an individual
and the amount of recorded wear. Despite this trend, the overall wear scores are rather small and
indicate only moderate amounts of enamel have been removed with little dentin exposure. The
results are presented in Table 6.2 and show the interaction between the mean scores of M1M2
Averages and the factors of Age Category, Sex, and Time period. Predictably, the first
significant trend that is apparent is that the mean molar macrowear scores are highly correlated
(p= 0.003) with the age of the individual (i.e., Hillson 1996; 2002) (Table 6.3). One of the
biggest differences seen in the sample is the high level of macrowear in males (Mean=16.9)
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compared to the females (Mean=11.7), a difference that is statistically significant (p=0.001)
(Table 6.4).

Table 6.13 Mean score of M1M2 Average distributed across sex
Time Period

Age Category

Sex

Mean M1M2 Average

N

Late Bronze-

Young Adult

Male

18.2

6

Female

8.2

4

Male

17.9

11

Female

16.7

3

Male

11.9

9

Female

10.3

8

Male

18.2

19

Female

12.8

9

Early Iron Age
Middle Adult

Xiongnu

Young Adult

Middle Adult

Table 6.14 Interaction between M1M2 Average and Time Period, Age Category,
and Sex
Interaction

P-Value

Time Period/Age Category

0.906

Time Period/Sex

0.445

Sex/Age Category

0.35

Time Period/Age Category/Sex

0.024

The M1M2 macrowear means between the two time periods were not statistically
different (p=0.156) (Table 6.3). The mean M1M2 average from the Late Bronze-Early Iron Age
was 16.2, whereas the mean of Xiongnu individuals was 14.4. What is interesting to note,
however, is the interaction of sex and time period when looking at M1M2 Average means. There
is a significant difference between the macrowear scores of males and females across time
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Table 6.15 Mean M1M2 Averages and P-values for Time Period, Age Category, and Sex
Late Bronze-Early
Time Period

Age Category

Sex

Xiongnu Mean

P-Value

16.2

14.4

0.156

Young Adult Mean

Middle Adult Mean

12.3

16.8

Male Mean

Female Mean

16.9

11.7

Iron Age Mean

0.003

0.001

periods (Table 6.4). Females and males from the Late Bronze-Early Iron Age are more similar to
their Xiongnu period counterparts then they are to members of the opposite sex during the same
time period. While this is not unprecedented in the archaeological record (i.e., Molnar 1971), it
was an unexpected result. Additional ANOVAs were conducted to determine whether this result
was genuine, or if it was caused by an uneven distribution of older and younger individuals in
both the male and female samples. For example, if the male sample had an overabundance of
older individuals with higher macrowear scores, this could potentially produce an
unrepresentative result. However, when testing for differences between the interaction of age and
sex categories, ANOVA only yielded a p-value of 0.446.
ANOVA indicates that the interactions between all three factors are statistically
significant (p= 0.024) when considering the M1M2 Average dental wear means. One possible
explanation for this significance is the small sampled number of Young Adults males and
females from the Late Bronze-Early Iron Age (N=6 and N=4, respectively) and Xiongnu period
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Table 6.16 Compared Time Period and Sex mean M1M2 average wear scores
and P-values
Time Period

Sex

Mean M1M2

P-Value

Average
Xiongnu

Male

16.2

Female

11.6

Late Bronze-Early

Male

18.0

Iron Age

Female

11.8

0.001

Middle Adult females (N=3). As a result of the small sample sizes, these macrowear scores may
either be artificially over-inflated, or severely under-valued. For example, the mean M1M2
Average score for Young Adult females from the Late Bronze-Early Iron Age (Mean=8.2)
appears to be small, especially when it is compared to the mean wear score of Xiongnu period
Young Adult females (Mean=16.7).
Finally, a mean score was calculated using the M1M2 Averages from three different
regions of Mongolia (Northern Zone, Western Zone, and Steppe Region). These data are
presented in Table 6.5. The Steppe Region had the largest mean wear score of 16.4, followed by
the Northern Zone at 14.3, and the Western Zone had the smallest mean wear score of 13.3.
Mean scores were compared using ANOVA and yielded a p-value of 0.24.
Table 6.17 Regional Analysis of macrowear scores
Region

Mean Score

Northern Zone

14.3

Western Zone

13.3

Steppe Region

16.4

P-value

0.24
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6.5

Preliminary Discussion

These results have important implications for the dietary foodways of the Xiongnu. Many
researchers have postulated that the Xiongnu polity was reliant on resources provided by
sedentary neighbors (Barfield 1989; Kradin 2002; Barfield 2001). One of the most cited forms of
evidence for this hypothesis is Chinese textual sources that comment on the relationship between
the nomads and their need/want of Chinese agricultural foods. While this research is not the first
to test the relationship between the Xiongnu and Chinese through bioarchaeological techniques
(Eng 2007), it is one of the first to explicitly address this relationship through evidence related to
dietary patterns. Specifically, this macrowear study indicates that agricultural foods may have
been less important than previous researchers once thought, a refuting of the dependency
hypothesis.
One critical result was the continuity of macrowear between the Late Bronze-Early Iron
Age and the Xiongnu Period. This seems to suggest that there was dietary continuity between the
two time periods under investigation. The results section of this chapter has shown that there are
no statistical differences between the overall macrowear scores of Late Bronze-Early Iron Age
and Xiongnu Period populations (p=0.156). As Hillson (2001) states, significantly different wear
scores would suggest that the two populations were eating drastically different types of diets.
The results of this study found low molar wear scores across all age categories. On a forty-point
scale, the mean average for Middle Adults (which also included the Old Adult category for
statistical reasons) was only 18.1 for males and 13.7 for females. To put these results in context,
Rose, Marks, and Tieszen (1985) used comparable age categories and macrowear recording
methodologies to examine the wear scores of Early Mississippian maize consumers in the central
and lower Mississippi Valleys. They found much higher degrees of wear. In the current study,
the highest mean dental wear score was only 18.2 (middle adult males during the Xiongnu
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Period), whereas the mean wear score of the maize consumer from the Early Mississippian
usually averaged in the mid- to upper-twenties. In one case, samples from the Banks site in the
Baytown-Central Valley had mean maxillary molar scores of 34.7. In fact, the older adults (50+
years) in this study only achieved an average mean wear score of 17.3. This comparison shows
that not only do different dietary foodways have a profound impact on the overall production of
macrowear, but also that the soft nature of meat-reliant diets tends to produce little macrowear.
Overall, these results demonstrate that there was dietary continuity between the Late
Bronze-Early Iron Age and Xiongnu Period; there was no significant shift in the types of foods
being consumed from one time period to the next, as dependency models suggest. If the Xiongnu
were, in fact, reliant on agricultural foods, one would expect to see decreased changes in the
macrowear scores of the Xiongnu when compared to earlier samples (i.e., wear scores would
increase with the consumption of harder foods or scores would decrease with softer foods). This
information makes sense given the types of food described by anthropologists and historians in
the modern ethnographic record and historical documents recounting the diets of the Xiongnu.
Repeatedly, the diet is defined as being rich in dairy and meat proteins (Watson, 1993). In other
words, foods that are unreservedly accessible to pastoralists and are very soft, thus producing
little wear. Second, the dramatically low dental wear scores also conform to the idea that a diet
focused on the consumption of meat and other animal related food goods tends to be very soft.
However, there is one caveat to this finding. This method of dietary reconstruction only
informs us of the overall consistency of the foods being consumed (i.e., hard vs. soft foods), and
not about the specifics of the population’s diet. In order to fully extrapolate these data, they
should be used in conjunction with other forms of dietary (e.g., DMTA, scanning electron
microscopy, or isotopic data) and archaeological data. Therefore, we can suggest that the overall
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consistency of the foods being consumed or the methods of preparation were similar to each
other and that there was continuity between the two time periods, but cannot say without further
evidence and other forms of data that the diets were identical to each other. Again, as long as the
sample is representative of populations in both time periods.
Another key finding of the macrowear research is the disparity in results between the
male and female individuals of both the Late Bronze-Early Iron Age and Xiongnu Period. The
macrowear scores of males in both the Late Bronze-Early Iron Age and Xiongnu Period were
more similar to each other than their female counter parts of the same time period, which implies
that slightly different types of food were being consumed by males and females. Males had a
much higher mean macrowear score then females, indicating that the diet they were consuming
was much more abrasive than the diet of females, and removed greater amounts of enamel and
dentin.
The most parsimonious explanation for the discrepancy between male and female
macrowear scores is that they were consuming different types of foods (Hillson 2005). As was
explained earlier in this chapter, differences between male and female macrowear are not
completely unprecedented (e.g., Molnar 1971). However, it is far more common for males and
females to be participating in similar dietary regimes and consuming similar foods. One way to
approach the discrepancy between Late Bronze-Early Iron Age and Xiongnu males and females
is to look at gender divisions of labor among nomadic pastoralist populations. Ethnographic
studies have shown that it is common to see a strict dichotomy between male and female
subsistence activities within a pastoral economy (Cribb 1991). Males are engaged in activities
focused on animal herding, while females participate in food production and processing and
other activities associated with camp life and occasional herding of small animals (e.g., sheep
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and goats) (Fijn 2012). Because the pasturing of herd animals may require individuals to be
separated from their core group for extended periods of time (possibly days, weeks, or even
months), it seems entirely plausible that these individuals may have to consume foods that are
not readily eaten within the domestic setting. One such way to supplement their diet is to make
use of food sources that are readily available in their surrounding natural environment through
hunting and gathering for naturally occurring foods. This practice could explain the higher rate
of dental wear among male individuals since anthropological research has shown that diets of
hunting and gathering populations consuming naturally occurring food sources usually have a
greater degree of wear when compared to other communities. For example, Smith (1984) was
able to demonstrate that several different hunting and gathering groups had a much higher degree
of occlusal wear when compared to groups of early agriculturalists. This difference was
attributed to the level of food preparation seen in agricultural groups (i.e., making food softer to
masticate) and the fact that hunting and gathering groups were consuming larger amounts of
tough and fibrous foods. Therefore, as ethnographic analogy and ethnohistorical documents
(Watson 1993) suggest, the typical diet of males during the Late Bronze-Early Iron Age and
Xiongnu period was mainly composed of meat and dairy product and was occasionally
supplemented by periodic episodes of hunting and gathering (Honeychurch and Amartuvshin
2006). By hunting and gathering for food sources that are not typical of pastoral diet, the males
may have been introducing foods that are considerably more abrasive than their conventional
diets, thus accounting for the higher rate of macrowear.
Lastly, terminology must be precise in regard to distinctions between sex (biological
identity) and gender (social identity). Walker and Cook (1998) rightfully point out that while
these two terms are not interchangeable, one can be used to inform the other. Bioarchaeological

116
studies, such as this one, that uses the word “sex” as a proxy for “gender” must be cognizant of
these differences and the complex inter-relationship that may exist between these two factors.
Finally, regional analysis of macrowear scores showed that there was little difference
between the scores of sampled individuals from the Northern Zone, Western Zone, and the
Steppe Region (p=0.24). These data indicate that despite different environmental surroundings
the diet of sampled Late Bronze-Early Iron Age and Xiongnu individuals remained relatively
static through time and space. The low macrowear scores suggest that their diet was somewhat
soft and did not remove large quantities of enamel and dentin. Therefore, even if these
populations were consuming local resources to supplement a pastoral diet, the consistency of the
diet was relatively similar in the Northern Zone, Western Zone, and Steppe environment and
these resources did not impact the macrowear scores of this study. It is also interesting to note
that populations living in closer proximity to China did not have significantly different
macrowear scores. While this research only focused on Late Bronze-Early Iron Age and Xiongnu
individuals excavated from Mongolia, the sample from the Steppe Region did not differ from
regions further away from China. Therefore, even if communities closer to China did have
greater access to agricultural goods, the consumption of these foods did not have a significant
impact on macrowear rates.

6.6

Conclusion

This chapter has described background, analysis, and results for the macrowear portion of
this research. The results of this study show that the mean macrowear scores of the Late BronzeEarly Iron Age and Xiongnu samples were statistically similar to each other, and when compared
to other skeletal samples show little evidence of dietary wear. These data support the hypothesis
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of dietary continuity between the Late Bronze-Early Iron Age and Xiongnu period and are
consistent with a diet focused on food sources that produce slight macrowear. Also, several other
factors were explored that has shed light on possible dietary differences between the biological
sexes. However, it is still unclear whether this is due to cultural or natural factors. These data and
their correlations with the DMTA and dental pathological conditions will be further discussed
and explored in the following chapter.
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DENTAL PATHOLOGICAL CONDITIONS

“Not so much talk from the Han envoys! Just make sure that the silks and grainstuffs you bring
to the Xiongnu are of the right measure and quality, that’s all. What’s the need for talking? If the
ggood you deliver are up to measure and of good quality, al right. But if there is any deficiency
or the quality is no good, then when the autumn harvest comes we will take our horses and
trample all over your crops!” – Records of the Grand Historian (Watson 1993: 144-145)

7.1

Introduction

This chapter uses dental pathological conditions (dental caries and antemortem tooth loss
[AMTL]) as a way of assessing the dietary patterns of individuals during the Mongolian Late
Bronze-Early Iron Age. As discussed in Chapter 2, the diet of mobile populations in Inner Asia
focused on the consumption of pastorally produced products (i.e., meats and dairy products) and
supplemented by hunting, fishing, and gathering local resources. These dietary patterns are
vastly different from the wide range of foods consumed by sedentary agriculturalists in China.
Dependency theory suggests that subsistence economies of pastoralists and a marginal steppe
environment constrained polity formation, and would be unable to sustain a large polity like the
Xiongnu. The only way a mobile polity would be able to meet exhaustive economic constraints
was through interactions (e.g., trading and raiding) with sedentary populations. In this model, the
interactions with sedentary China were solely predicated on obtaining products, in particular,
agricultural foods, which were used to facilitate the growth of the Xiongnu polity. This chapter
uses pathological conditions that correlate with increased consumption of agricultural goods.
Therefore, if the Xiongnu consumed larger quantities of cereal grains, then the frequency of
carious lesions and AMTL should differ from the data obtained from the Late Bronze-Early Iron
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Age sample. However, if the data are constant between the two time periods, then agricultural
foods may not have composed a significant portion of the diet of sampled individuals.

7.2

Factors Affecting Dental Pathological Conditions

Dental pathological conditions (e.g., AMTL, caries) are not linked to single etiological
factor; these conditions often can have multiple factors that contribute to their appearance. This
section presents a discussion of several important factors associated with dental disease, which
will help to facilitate a better understanding of our expectations in disease frequency and how
bioarchaeologists interpret these rates in a dietary context.

7.2.1

Dental Plaque
The etiologies of many dental pathological conditions begin with the production and

presence of dental plaque, which Hillson (1996: 254) describes as “a dense accumulation of
micro-organisms on the tooth surface.” While the oral cavity plays host to many different types
of microorganisms, teeth are especially vulnerable to their presence. Unlike other surfaces of the
mouth (e.g., cheeks, tongue, etc.) that have a high turnover rate due to the shedding of the
mucosa, a tooth cannot be shed and replace its enamel surface (Hillson 1996). The continued
presence of bacteria and other organisms allows them to accumulate into large colonies,
especially in areas that are difficult to reach. The areas where plaque buildup is most common
include, but are not limited to, the interproximal spaces in between teeth, occlusal fissures and
grooves, the cervical region of a tooth, and other areas that are not being constantly “swept”
clean by the tongue and saliva (Batchelor and Sheiham 2004). However, several factors are
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linked to the accumulation of plaque, including the consumption of carbohydrates and poor
hygiene (Larsen 2015). If dental plaque is allowed to remain on the surface of a tooth, it has the
potential to mineralize into a hard substance known as dental calculus. If this is allowed to
happen, calculus can cause periodontal disease - the inflammation of the gingiva produced by the
presence of plaque, resulting in the degeneration of hard and soft tissues (Brothwell 1981).
7.2.2

Dental Caries
Although dental caries can affect tissues such as dentin and cement (Pindborg 1970;

Soams and Southam 1993), this research focuses on dental enamel due to the lack of observed
lesions on these other surfaces. Dental caries is the progressive demineralization and destruction
of dental hard tissues, which results when by bacteria and other microorganisms consume the
fermentable sugars present in dental plaque and saliva. These organisms produce organic acids as
a byproduct of sugar consumption, and if left untreated can cause the demineralization of dental
tissues. Prolonged demineralization can result in the creation of a pit known as a carious lesion
(also known as a cavity). Hillson (1996) describes three different kinds of dental caries: 1)
chronic caries, 2) arrested caries, and 3) rampant caries. These types are distinguished by the rate
at which the disease destroys dental tissue. The slow destruction of enamel and other tissues
characterize chronic caries, the most common form of caries. The rapid destruction of dental
tissues describes rampant caries, which is most common in children. Finally, a recurrent and
repeated episode of destruction followed by tooth remineralization is known as arrested caries.
Regardless of type, caries can be broken down into several progressive stages of decay,
and can ultimately result in the production of a lesion (Hillson 1996). During the initial phase of
dental caries, demineralization occurs just below the enamel surface as a small translucent node.
Given prolonged exposure to demineralizing agents, this node will continue to enlarge.
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Eventually, a small, dark point forms at the center of this translucent area. This feature will
expand outward towards the periphery and will turn either a white or brown color. At this point,
the lesion can be observed upon gross examination since the demineralization process has
reached the outer surface of the tooth. Up until this stage, only demineralization has occurred,
and no destruction is present. Eventually, the enamel will become so brittle that it is easily
fractures and brakes down, resulting in a pit or lesion. If left untreated the lesion will continue
through the dentin and secondary reparative dentine and expose the pulp chamber to infectious
agents, which can lead to pulpitis (inflammation of the dental pulp) and periapical abscessing (an
osteological abscess found at the root apex caused by the inflammation of dental pulp).

7.2.2.1 Sites for Dental Caries
Carious lesions can occur on any part of a tooth; however, certain surfaces are more
susceptible to their development. The grooves and fissures on the occlusal surface of molars are
the most common areas to find carious lesions. During mastication, food particles become
trapped within the complex network of enamel folds, and without proper cleaning and attention,
these particles are metabolized by bacteria in the oral cavity, which results in the
demineralization and destruction of dental tissues. Carious lesions can also occur on the buccal
and lingual surfaces and anterior teeth (incisors and canines), but this is much less common
(Batchelor and Sheiham 2004) and rarely develops past the brown or white spot phase (Hillson
2008). This information is unsurprising, however, since the tongue and cheek continually move
over these areas and remove any adhering food particles. Finally, the exposure of tooth roots to
the oral cavity can occur in several different ways. Periodontal disease is a common etiology of
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carious lesions due to the exposure of the tooth root to the oral cavity, therefore, opening up the
dentin to exposure to bacteria and the accumulation of plaque (i.e., cariogenic factors).

7.2.2.2 Effects of Diet on Dental Caries
Hillson (1996) states that there are two ways to understand the relationship between
dental caries and diet. The first is to experimentally test the direct effects of diet on dental caries
rates (e.g., feeding known foods to laboratory animals). The second is to check the level of pH
production in relation to time and food consumption. Depending on what type of food an
individual consumes, pH concentrations in the mouth will either rise or fall. These levels can be
measured at timed intervals and be plotted out on a chart, known as a Stephan curve, to show the
relationship between time and pH level. When the pH level falls below 5.5 in the oral
environment, dental hard tissues become highly susceptible to demineralization (Hillson 2008).
Therefore, the continued presence of foods that are readily metabolized by oral bacteria can
result in low pH levels and higher frequency of carious lesions.
Carbohydrate consumption is another important factor to consider when studying dietary
patterns because of its correlation with dental caries. Carbohydrates can be broken down into two
categories: simple (sugary) vs. complex (starchy) carbohydrates. The consumption of sugary
carbohydrates has a negetive impact on pH levels, meaning that the pH level in the oral cavity
quickly drops and creates an environment conducive to the production of carious lesions.
However, without prolonged exposure to these sugars, the pH level quickly recovers to a neutral
level. While just about all sugars (e.g., glucose, fructose, and lactose) produce this negative
response, sucrose (e.g., brown and white sugar) has been the focal point of much research
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because of its particularly severe impact on pH (Rugg-Gunn 1993, Navia 1993). Prolonged
exposure to this sugar can keep pH well below the levels associated with cariogenesis.
The consumption of starchy foods (complex carbohydrates) also has a negative impact on
the pH of the oral cavity. However, pH levels attributed to starchy food consumption show some
major differences from sugary carbohydrates. First, the pH level does not drop off nearly as
rapidly. Second, the lowered levels are not as marked. Finally, the pH does not rebound to
neutral level as quickly with starch consumption. Generally speaking, starch consumption is
associated with low levels of cariogenesis since their structure does not allow the bacteria present
in dental plaque to metabolized the starch, and they are less likely to adhere to dental surfaces
(Hillson 2008). Lingström and colleagues (1993) were able to show that foods containing both
sugary and starchy components prolonged acidic pH levels, thus producing a highly cariogenic
environment.
Finally, and most important to this study, is the effect of meat proteins and dairy on
dental caries. Dental research shows that meat proteins do not significantly impact the formation
of dental caries since their breakdown does not result in the production of organic acids
(Mundorff et al. 1994). The effect of dairy consumption is not nearly as straight forward, due to
the presence of casein. Much like meat, the majority of proteins that compose milk and other
dairy products are not broken down and metabolized by bacteria that potentially cause dental
caries. Dairy however, does, contain casein and lactose, which are fermentable proteins and
possible cariogenic agents (Hillson 2008). Yet, Bowen and Pearson (1993) suggest that the
consumption of dairy products confers a degree of protection by not allowing the food to adhere
to the tooth surface, and by assisting in remineralization of hard tissues.
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7.2.3

Antemortem Tooth Loss and Loss of Alveolar Bone
Hillson (2008) states that the widespread belief that dental caries is a major contributor to

ATML is a bit misguided. It is true that given enough time dental caries can lead to an infection
and inflammation of the dental pulp (i.e., pulpitis) and tissues around the root apex. After pulp
inflammation, the alveolar bone around the periapical region of the tooth will begin to
degenerate and form what is known as a periapical abscess. While this process is extremely
painful, bone loss is usually confined to the apical region of the root and is rarely so severe that
is causes a tooth to become unstable.
Periodontal disease, on the other hand, can have a major effect on the loss of a tooth. It is
quite common to find the accumulation of plaque and calculus around the cervical region of a
tooth. The presence of these deposits around the gingival areas of the tooth cause a constant and
localized inflammatory reaction (Pindborg 1970; Hillson 2008). These inflammatory reactions
progress deep within the lining of the tooth to the periodontal ligament, which gradually loses its
fibrous ties between the dental cement and the surrounding alveolar socket. This response creates
a pocket within the walls of the maxilla and/or mandible and causes the tooth to become unstable
in the socket. The continued presence of plaque and calculus around the gingival margin can then
cause the gradual recession of the gums and underlying bone from the anti-gens produced by the
microorganisms present in plaque. As the gum line slowly recedes, the tooth becomes
increasingly unstable. Eventually, enough of the root and the surrounding pocket are exposed,
and tooth loss is inevitable.
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7.3

7.3.1

Methods

Recording Dental Caries and AMTL
Dental caries was scored using the methods described by Hillson (2001). Using this

system, I recorded the number and location of each carious lesion. Lesions were documented on
a tooth-by-tooth basis, thus allowing for later analysis showing where dental caries was most
prevalent and which teeth were most prone to have lesions.
I also scored AMTL in a similar tooth-by-tooth manner. If any visible evidence of crypt
resorption was present, and the corresponding tooth was not present for analysis, I recorded the
tooth as lost antemortem. In most cases, the alveolar crypts were fully resorbed.

7.3.2

Statistical Analysis
Analysis of Variance (ANOVA) was used to test for statistical differences in the

occurrence of AMTL and dental caries. I tested these pathological conditions against time
period, age category, and sex. Dental caries is best understood by comparing the number of
scored carious lesions to the total number of observed teeth per individual (i.e.,

# caries
# molars

). For

example, some individuals may have a single carious lesion but are only represented by two or
three teeth, while other persons may have all twelve molars and no lesions. This percentage
produces a number that could then be used as a dependent variable when using ANOVA.
Edentulous individuals were not used for statistical analysis of carious lesions since no teeth
could be analyzed.
During statistical analysis, I calculated the percentage of AMTL by dividing the number
of antemortem lost teeth by the total number of recorded tooth positions (i.e., the number of
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documented teeth + the number of lost teeth). The AMTL percent was then used to test for
statistical differences between age category, sex, and time period. During data collection, I
recorded all teeth lost by an individual before death. However, for this research, I only analyzed
the loss of molars due to their high susceptibility to AMTL. Unlike incisors and canines, the
anatomical pits and fissures present on the occlusal surfaces of the posterior dentition positively
impact the vulnerability of molars (and premolars) to AMTL is, allowing for food particles to
become lodged in these surfaces and create an environment conducive to cariogenesis, leading to
AMTL.

7.4

7.4.1

Results

Dental Caries
A total sample of 90 individuals was available for statistical analysis; seven samples from

both the Late Bronze-Early Iron Age and Xiongnu period had at least one carious lesion. I only
documented 20 carious lesions during data collection, and all occurred on the occlusal surface of
molars. As a result, the sample sizes presented in Tables 7.2-7.4 are small due to the almost
complete absence of carious lesions in the sampled 90 individuals. Statistical analysis shows no
significant difference among any of the sampled individuals from the Late Bronze-Early Iron
Age or Xiongnu period (Table 7.1). The number of recorded carious lesions per molar during the
Late Bronze-Early Iron Age sample was 0.0329 (Table 7.2), which was only slightly higher than
the ratio of the Xiongnu sample (0.0069) (p=0.545). The carious lesion to molar ratio did not
correlate with sex (p=0.337) or age categories (p=0.471) (Tables 7.3 and 7.4 respectively).
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ANOVA results did not establish a relationship between the lesion to molar ratio and the
interaction of the different independent variables (Table 7.1). Table 7.6 presents the results of a
regional analysis of the number of carious lesions per tooth. In the Steppe Region, the average
number of carious lesions per tooth was 0.0174, followed by 0.0144 in the Northern Zone, and
0.0071 in the Western Zone. I examined all sampled teeth (i.e., anterior and posterior) for the
presence of carious lesions and found only molars had any evidence of deminneralization
assocaited with caries (i.e., incisors, canines, or premolars had no carious lesions).

Table 7.18 p-values of statistically analyzed categories
Analyzed Categories

p-Value

Time Period

0.545

Age Category

0.471

Sex

0.337

Time Period/Age Category

0.410

Time Period/Sex

0.282

Age Category/Sex

0.548

Time Period/ Age Category/Sex

0.196

Table 7.19 Ratio of carious lesions to molar by Time Period
Time Period

N

Lesion to tooth ratio

Late Bronze-Early Iron Age

7

0.0329

7

0.0069

Xiongnu
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Table 7.20 Ratio of carious lesion to observed molar by Sex
Sex

N

Lesion to tooth ratio

Male

5

0.0214

Female

5

0.0064

Table 7.21 Ratio of carious lesion to observed molar by Age Category
Age Category

N

Lesion to tooth ratio

Young Adult

1

0.0027

Middle Adult

6

0.0269

Old Adult

1

0.0

Table 7.22 Average number of carious lesions per molar
Time Period

Age Category

Sex

Average

Late Bronze-Early

Young Adult

Male

0.0

Female

0.0

Male

0.0778

Female

0.0

Male

-

Female

0.0

Male

0.0083

Female

0.0

Male

0.0053

Female

0.0180

Male

0.0

Female

-

Iron Age
Middle Adult

Old Adult

Xiongnu Period

Young Adult

Middle Adult

Old Adult
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Table 7.23 Regional analysis of dental carious lesions
Region

7.4.2

Lesion to tooth
ratio

Northern Zone

0.0144

Western Zone

0.0071

Steppe Region

0.0174

P-value

0.587

AMTL
A total of 72 individuals were available for AMTL analysis. This test utilized all

documented tooth loss (i.e., incisors, canines, premolars in addition to molars) were
incorporated into my analyses. I then calculated the ratio AMTL by dividing the number of
# recordedAMTL
recorded AMTL by the total number of observed tooth positions ( # recordedtoothpositions
). Table 7.6

presents the data for each category. Table 7.7 shows all p-values established by ANOVA. The
ratio of AMTL during the Late Bronze-Early Iron Age was 0.396, and 0.223 during the Xiongnu
period. ANOVA produced a p-value of 0.182 from these data. Sex did not correlate with AMTL
(p=0.884). The ATML ratio for males was only 0.295, and the female mean was only slightly
lower at 0.275. Age category was highly correlated with the amount of recorded AMTL and
produced a p-value of 0.002. In all instances, there was a general trend towards greater amounts
of AMTL in older age categories (Table 7.7). ANOVA produced a p-value of 0.046 when it
tested the interaction between age category and time period. The mean AMTL was relatively
similar in young adults during both the Late Bronze-Early Iron Age and Xiongnu period.
However, middle and older adults during the Late Bronze-Early Iron Age (0.494 and 0.818,
respectively) had a much higher ratio of AMTL, when compared to the Xiongnu (0.191 and
0.604, respectfully). All other cross-comparisons (time period/sex, age category/sex, and time
period/age category/sex) yielded no statistically significant results. Finally, a regional analysis of
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the mean number of AMTL per individual in the Western Zone was 3.62, which was followed by
2.68 in the Steppe Region, and 1.56 in the Northern Zone (Table 7.9). ANOVA was used to
analyze these data, producing a p-value of 0.393.

Table 7.24 Ratio of AMTL per observed tooth position
Time Period

Age Category

Sex

N

Ratio

Late Bronze-

Young Adult

Male

6

0.191

Female

3

0.0

Male

12

0.4697

Female

6

0.565

Male

10

0.125

Female

5

0.2

Male

20

0.206

Female

10

0.170

Early Iron Age
Middle Adult

Xiongnu Period

Young Adult

Middle Adult

Table 7.25 p-values of statistically analyzed categories
Analyzed Categories

p-Value

Time Period

0.182

Age Category

0.002

Sex

0.884

Time Period/Age Category

0.046

Time Period/Sex

0.733

Age Category/Sex

0.657

Time Period/Age Category/Sex

0.31
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Table 7.26 Regional analysis of AMTL
Region

Mean AMTL per
individual

Northern Zone

1.56

Western Zone

3.62

Steppe Region

2.68

7.5

7.5.1

p-Value

0.393

Preliminary Discussion

Dental Caries
The similarity of low caries rates across all categories suggests that the cariogenic

properties of consumed foods remained constant between time periods, sexes, and age groups.
The extraordinarily low presence of carious lesions (only 14 individuals [Late Bronze-Early Iron
Age=7; Xiongnu=7] out of 90 [15.6%] had carious lesions) is particularly remarkable when
compared to the data from other studies. The most parsimonious explanation for these data is that
the types of food being consumed by mobile pastoralists (regardless of age or sex) through the
Late Bronze-Early Iron Age to the Xiongnu period remained constant, focusing on foods with
low cariogenic properties. As such, these data do not conform to the assumption that the
Xiongnu were consuming greater amounts of agricultural products. If this were the case, there
would be an expected jump in the frequency of dental caries since many studies have shown that
increased consumption of dietary sugars correlates with higher caries rates (Gustafsson et al.
1954; Harris 1963; Lingstrom et al. 2000; Cucina and Tiesler 2003).

132
Several studies (Turner 1979; Temple and Larsen 2007) have used dental caries
frequencies as a method for demonstrating subsistence shifts in prehistoric Japan. Jomon hunter
and gathers had a very low incidence of dental carious lesions when compared to the agricultural
farmers during the subsequent Yayoi period. Temple and Larsen (2007) argue that this trend in
increased dental caries frequency represents a transition away from the low carbohydrate diet of
the Jomon to a Yayoi diet that emphasized very starchy and sugary foods conducive to dental
caries. For example, Turner (1979) observed that 8.6% of all sampled Middle to Late Jomon
Period (2500-900 BCE) teeth (199/1377 teeth) showed signs of cariogenic effects. Turner linked
this high prevalence of dental carries to the importation of cariogenic cultigens (i.e., taro) from
mainland Asia to the Japanese islands. Unlike these examples of documented dietary transitions
from one subsistence pattern to another, the data presented in this study suggest this was not the
case during the transition from Late Bronze-Early Iron Age to Xiongnu period since the
frequency of caries remain constant.
The consumption of products with low cariogenic properties is the simplest explanation
for the low rate of caries. To pursue this avenue, we can explore two different types of foods that
the ethnnohistoric and archaeological literature has noted. The first logical explanation for the
lack of carious lesions is that the diets of Late Bronze-Early Iron Age and Xiongnu populations
focused primarily on meat proteins. Current archaeological research points to the fact that the
Late Bronze-Early Iron Age was a time period characterized by the growth and expansion of
mobile pastoralism across the Mongolian landscape, which continued into the Xiongnu period
(Houle 2009; Hanks 2010; Honeychurch and Amartuvshin 2006). Therefore, it is quite probable
that the diet of individuals living during these time periods will reflect an economy based on
animal herding. However, as discussed above, meat proteins and fats are broken down, but not
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metabolized, by bacteria present in saliva thus there is little to no chance diets reliant on meat
protein would produce carious lesions. Casein, a protein found in dairy products, does have the
potential to be metabolized. Therefore, milk and cheeses, which are prevalent in pastoral diets
(Chang 1977), do have the potential to produce carious lesions. However, the protective effects
of dairy products diminish this effect (Bowne and Pearson 1993).
Rice consumption is a second possible explanation for the low frequency of carious
lesions. This rationalization would not be entirely unprecedented due to the importance of rice
consumption in many Asian diets (Chang 1977). Also, there are many references in historical
Chinese texts suggesting rice was sent to the Xiongnu hierarchy as a form of tributary payment
or was a sought after product during acts of trading and raiding (Watson 1993). However, rice,
unlike other cereal grains (e.g., wheat, barley, millet), does not have the same cariogenic effects
on dental hard tissues, a topic that has been documented in other areas of Asia, even with the
intensification of rice agriculture (Halcrow et al. 2013).
For these reasons, other forms of evidence were used during this research (DMTA and
macrowear) to show the potential consumption of products not indicative of a pastoralist diet.
The next chapter will synthesize these data. Also of note is that historical texts indicate that the
Xiongnu made use of many different kinds of agricultural products. “Since the Xiongnu dwell in
the north, where the land is cold, and the killing frosts come early, we have decreed that our
[Han government] officials will send…a fixed quantity of millet, leaven…and other articles”
(Watson 1993: 146). Millet, unlike rice, is known to have highly cariogenic properties (Lingstöm
et al. 2000). If the Xiongnu were incorporating greater amounts of sugary/starchy agricultural
goods such as millet into their diets, there should be an increase in carious lesions. However, the
caries data presented here support the idea that the Late Bronze-Early Iron Age and Xiongnu
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populations were eating a diet similar to each other, each with very low cariogenic
characteristics.
Although I analyzed all available teeth (anterior and posterior) for the current research,
carious lesions were only present on molars. This finding is relatively unsurprising. The many
fissures and grooves present on molars, unlike the smooth surfaces of anterior teeth, are prone to
collecting food particles, which bacteria in the oral cavity then consume. Adherent food is less
likely to be swept away from occlusal surfaces of molars by the tongue, cheeks, and saliva, thus
increasing the chances of carious lesions. These data are comparable to many other studies that
have documented high rates of carious lesions on molars. According to Batchelor and Sheiham
(2004), the fissure and pit systems of the first and second molars were among the most
commonly affected tooth surfaces in 20th century children.
Finally, when a regional analysis was conducted to analyze the prevalence of carious
lesions in different regions of Mongolia (Northern Zone, Western Zone, and the Steppe Region),
no statistical differences were noted. In general, the number of recorded carious lesions per tooth
was quite small in all the areas studied: 0.0174 in the Steppe Region, 0.0144 in the Northern
Zone, and 0.0071 in the Western Zone). When compared, ANOVA, produced a p-value of 0.587.
These data can be used to draw several conclusions. First, the diet of all three regions all
had the same cariogenic effects since the number of recorded carious lesions did not differ from
one region to the next. Thus, even though it is likely that Late Bronze-Early Iron Age and
Xiongnu populations in different areas of Mongolia were supplementing their diet with local
foods sources, these resources did not produce substantial numbers of carious lesions. Second,
sampled individual from areas in closer proximity to China did not have a greater amount of
carious lesions. Even if communities closer to China did have greater access to cariogenic
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agricultural foods (e.g., millet) this was not reflected in the skeletal sample used for this research.
Therefore, even if these foods did make their way into peripheral Late Bronze-Early Iron Age
and Xiongnu communities and subsequently consumed, they did not have a significant impact on
cariogenesis.
7.5.2

AMTL
Unlike the results of dental caries, several factors positively correlate with AMTL. First,

higher rates of AMTL are associated with older individuals (p=0.002). Overall, this result is
expected given the degenerative effects of a lifetime of mastication. Also, teeth continually erupt
throughout the life of an individual, thus causing a strong relationship between age and AMTL.
Constant remodeling of alveolar bone around a tooth root causes the continued migration of a
tooth up and out of the alveolar socket. When this is paired with the potential presence of
periodontal disease and the continual build-up of calculus over the lifetime of an individual
(Beiswanger et al. 1989), one should expect to see higher rates of tooth loss occurring in older
samples.
Past studies have suggested that the foods requiring more masticatory processing
ultimately result in greater rates of AMTL (Whittaker et al., 1982). However, Whittaker and
colleagues (1990) demonstrated that AMTL could occur in populations with a soft diet. The
study achieved this result while documenting the amount of AMTL in Romano-British
populations who were known to have a highly processed diet and little evidence of dental
macrowear. The study found that soft diets do affect AMTL, but not to the same degree as more
abrasive foods. The current research noted the same trend. Since a diet of mobile pastoralists
tends to be very easy to process, dental wear scores tend to be extremely low compared to other
populations (Chapter 5). This research found a progressive increase of AMTL across age
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categories, regardless of sex or time period (Table 7.6). This result is best demonstrated by
observing at the increasing rates of recorded AMTL among Xiongnu males. My research
documented only 0.1246 antemortem lost teeth for every recordable dental position among
young adult Xiongnu males; this number then increases to 0.2062 for middle adults and tops off
at 0.604 for old adults. It is important to note that I only observed this trend in Late Bronze-Early
Iron Age males and females, as shown in Table 7.6. The only exception was within Xiongnu
female data in which there is a small decrease in recorded AMTL from young adults (0.2) to
middle adults (0.169). However, the small sample sizes for young adult Xiongnu females (N=5)
may have contributed to this result. Finally, results indicate that the sex of the individual did not
play a role in interpreting AMTL.
The lack of a significant difference between the AMTL rates of the Late Bronze-Early
Iron Age and Xiongnu period (p=0.183) leads to several interpretations about their diet. Hillson
(2008: 313) makes an important point when he states that one must be extremely careful when
recording both dental caries and AMTL since these two features are not always mutually
exclusive. Even though a tooth crown may exhibit extensive damage from a carious lesion, the
localized damage to the alveolar bone will not cause the tooth to become unstable. A significant
shift away from a pastoral-based diet, to one focused on agricultural consumption, should reflect
a change in the consistency of consumed foods. Therefore, either a rise or fall of recorded AMTL
from Late Bronze-Early Iron Age to Xiongnu period would be expected. These data, however,
do not support this idea and demonstrate that the mean AMTL recorded for the two periods was
not statistically significant (p=0.182). This result suggests that the overall consistency of the diet
remained relatively static from one time period to the next.
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Statistical analysis of the interaction between time period and age category did yield a
significant result (p=0.046). While the p-value for the time period was not statistically significant
(p=0.182), it was for age category (p=0.002). A plausible explanation for this interaction is a
disparity in the distribution of AMTL among the sampled groups. Table 7.10 shows that in both
the Late Bronze-Early Iron Age and Xiongnu period there is a consistence trend of greater
amounts of AMTL associated with age. However, the fundamental difference is the rate of
recorded AMTL in the middle adult category. During the Late Bronze-Early Iron Age, the mean
AMTL score was 0.494 a major increase from 0.127 in young adults. During the Xiongnu
period, I only recorded 0.191 AMTL in middle adults, which is only a slight increase from the
0.150 recorded in young adults. All other interactions had no statistical significance.

Table 7.27 AMTL scores comparing Time Period to Age Category
Late Bronze-Early Iron

Xiongnu Period

Age
Young Adults

0.127

0.150

Middle Adults

0.494

0.191

Old Adults

0.818

0.604

Finally, the regional analysis of AMTL showed that there was no appreciable difference
between the number of teeth lost before death in the Northern Zone, Western Zone, and the
Steppe region (p=0.393). From these data, we can surmise that even though local food resources
may have been used to supplement the pastoral diet of Late Bronze-Early Iron Age and Xiongnu
populations, the consistency of the diet in the northern, western, and steppe regions were similar
to each other. Also, it should be noted that AMTL in the Steppe Region was similar to rates
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observed in the Northern and Western Zones. This result implies that even though communities
living in the steppe were geographically closer to China than individuals residing in the north
and western Mongolia, the consistency of their diets was remarkable similar. Therefore, even if
agricultural foods were making their way into the peripheral regions around China, they either
were not being used for consumption or the populations ate the food in such small quantities that
they did not alter the amount of AMTL in the steppe region of Mongolia.

7.6

Conclusion

The pathological conditions used for this research provide us with two very different
forms of evidence that suggest dietary continuity between the Late Bronze-Early Iron Age and
Xiongnu period. Dental caries is highly associated with the progressive demineralization of
dental tissues as a result of the fermentation of dietary sugars but is not necessarily associated
with AMTL. Data presented in this research shows that the rate of dental caries was extremely
low in both the Late Bronze-Early Iron Age and Xiongnu periods and the difference in rates was
not statistically significant. Therefore, these data support the hypothesis of dietary continuity
between the Late Bronze-Early Iron Age and Xiongnu period, because increased consumption of
agricultural goods should significantly affect the observable rate of dental caries. AMTL was
also informative about the consistency of the diet. The rate of AMTL recorded during this study
showed no statistically significant differences between the Late Bronze-Early Iron Age and
Xiongnu period. If a dietary shift away from a traditional pastoral diet to one integrating other
food sources did occur, then one could expect to see different rates of AMTL. The data presented
in this study suggest that the consistency of the diet between the sampled Late Bronze-Early Iron
Age and Xiongnu individuals remained relatively static without any substantial fluctuations, and
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thus do not support the hypothesis of a dietary shift. These data are consistent with a diet
centered around meat consumption, and its lack of cariogenic effects, rather than agricultural
goods. This chapter has presented data derived from pathological conditions indicating that a
shift in foodways did not occur from the Late Bronze-Early Iron Age and Xiongnu period. The
next chapter will synthesize all of the data presented in the past three chapters to offer a more
fully integrated picture of data gathered during this dissertation research.
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DISCUSSION AND CONCLUSIONS

From the chiefs of the tribe on down, everyone eats the meat of the domestic animal and wears
clothes of hide or wraps made of felt or fur. The young men eat the richest and best food, while
the old get what is left over, since the tribe honors those who are young and strong and despises
the weak and aged. – Records of the Grand Historian (Watson 1996: 143)

8.1

Introduction

To address the interconnected topics of foodways, cultural contact, and polity formation
along the borderlands between “the steppe and the sown” I have used discrete forms of
bioarchaeological data in conjunction with each other throughout this dissertation. Up until this
point, I have focused on of dental microwear texture analysis (DMTA), dental macrowear, and
dental pathology as issues unto themselves. However, as stated in chapter 1, one of the objectives
of bioarchaeological research is to synthesize multiple forms of evidence to establish a greater
understanding of the archaeological record and the lives of past people (Buzon et al., 2005,
Larsen 2015). Finally, I bring together these various forms of data to contend with previously
held scholarly beliefs that advocated for pastoral dependency on sedentary forms of material
cultural and contact.
In this final chapter, I synthesize all the evidence that has been presented in this
dissertation to present a well-rounded argument that the foodways of the Xiongnu were not
significantly different from the mobile pastoralists of the Late Bronze-Early Iron Age. I also use
these data to make the case that the pattern of biological data presented in this dissertation for
both the Late Bronze-Early Iron Age and Xiongnu Period is consistent with a diet centered
around pastoral production such as meat and dairy, and not on the consumption of agricultural
goods.
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8.2

8.2.1

Synthesis of Micro/Macrowear Data and Pathological Conditions

Similarities Between the Data Sets
When viewed as independent variables data derived from the macrowear, dental

pathological conditions, and DMTA did not yield any statistically significant differences
between Late Bronze-Early Iron Age and Xiongnu samples. It is important to keep in mind that
when taken individually each of these forms of data offers a slightly different approach to
analyszing past foodways and diets. For example, the macrowear totals produced a mean score of
16.2 and 14.4 for the Late Bronze-Early Iron Age and Xiongnu samples respectively (p=0.156).
Clearly, these macrowear scores are extremely low (even amongst the older individuals in the
sample), especially when compared to rates of macrowear of agricultural populations (see
Chapter 5). This result suggests that the types of foods processed by the molars of sampled
individuals produced a negligable amout of macrowear, even over the lifetime of most people.
The wear scores are consistent with a pastoral diet that produces minimal amounts of macrowear
due to the soft nature of a meat/dairy based diet.
Dental pathological conditions follow a similar trend. Pathological conditions suggest
that the types of consumed foods were not consistent with patterns of dental caries and AMTL
previously established in the bioarchaeological literature for agricultural groups. My research
shows consistently low frequencies of recorded carious lesions (14 individuals out of 166 total,
or 8.4%). To put this number of carious lesions into perspective, an average of only 0.0329
lesions were recorded per molar (i.e.,

# caries
# molars

) in the entire Late Bronze-Early Iron Age sample,

while the Xiongnu sample only calculated a valued of 0.0069. Again, when compared to
documented agriculturalists (see Chapter 6), these averages are extremely low and imply that
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carbohydrate-rich foods did not compose a central portion of the diet in either period under
investigation. Rather, these findings are once again consistent with a diet primarily composed of
proteins and fats (i.e., meat and dairy products), which according to several researchers (Bowen
and Pearson 1993; Mundorff-Shrestha et al. 1994; Hillson 2005) have little to no cariogenic
effects.
Finally, to establish that the DMTA variables used for this research (Complexity [Asfc],
Anisotropy [epLsar], and Textural Fill Volume [Tfv]) are consistent across time periods and with
a pastoralist diet they must be viewed in relationship to each rather than individually. Although
each data variable provides a different perspective about the properties of foods consumption
during the Mongolian Late Bronze-Early Iron Age and Xiongnu periods, their results indicate
that a similar pattern is beginning to emerge: data are consistent demonstrating an incredibly
soft and low cariogenic diet.
Textual sources like The Records of the Grand Historian, authored by Sima Qian,
describe Xiongnu populations not only consuming products produced by their herd animals, but
also making use of local resources at their disposal through hunting, fishing, and gathering. “It is
their [the Xiongnu] custom to herd their flocks in times of peace and make their living by
hunting, but in periods of crisis they take up arms and go off on plundering and marauding
expeditions” (Watson 1993: 129). This observation is reinforced by recent archaeobotanical
evidence in the graves of Xiongnu individuals (Korolyuk and Polosmak 2010), as well as
strontium and oxygen isotope data (Machicek, Honeychurch, and Frolich 2012), which suggests
local plant resources were used for dietary purposes. While proteins derived from herd animals
composed a large part of the diet of these individuals, it was also supplemented by other means
as well, such as wild plants. The DMTA variables used in this dissertation research also support
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this assertion. An interesting trend begins to emerge when anisotropy (epLsar) and complexity
(Asfc) are plotted against each other. Figure 8.1 shows how the groups of this study plot out
against data sets of known agriculturalists and hunters and gatherers. When anisotropy
(represented by the x-axis in Figure 8.1) is plotted, both the Late Bronze-Early Iron Age and
Xiongnu samples fall in line with known agriculturalists, meaning the patterning and
directionality of the microwear features similar to groups consuming agriculturally produced
foods. Therefore, the sampled individuals from the Late Bronze-Early Iron Age and Xiongnu
period were consuming a certain degree of fibrous food. At first glance, this may sound like it
gives credence to theories of mobile pastoralists being dependent on agricultural foods.
However, when the complexity variable is plotted along the y-axis of on Figure 8.1, a different
interpretation emerges. The extremely low complexity scores for both of the Late Bronze-Early
Iron Age and Xiongnu indicates that the roughness of surface textural features is extremely faint,
meaning that the types of food being consumed only produced subtle traces of dental microwear.
When these two variables are used in conjunction with each other, we begin to see that the
DMTA results separate the Late Bronze-Early Iron Age and Xiongnu samples from groups of
known agriculturalists and are drastically different from hunting and gathering groups (data used
with permission from the DENTALWEAR Project). Therefore, the DMTA results suggest that
the majority of food consumed during the Late Bronze-Early Iron Age and Xiongnu period was
very soft, minimally supplemented by small amounts of fibrous food. Most importantly, this
trend remains constant throughout the Late Bronze-Early Iron Age and continuing into Xiongnu
period. Also, this result also reinforces the idea that the high meat diet of “pastoralism was (and
still is) part of a broader set of productive strategies including small-scale agriculture, hunting,
gathering, and fishing” (Honeychurch 2012: 13).
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Figure 8.30 Complexity (Asfc) and Anisotropy of Late Bronze-Early Iron Age and Xiongnu
samples (circled) compared to groups of known agriculturalists and hunters and gatherers
(details presented in Table 8.1)

8.2.2

Differences Between the Data Sets
There are very few differences between the Late Bronze-Early Iron Age and Xiongnu

samples. All the dental pathological conditions, macrowear, and DMTA data indicate that there
is little to no difference between eras. However, the macrowear data did produce one very
thought-provoking distinction. Macrowear showed that there was a significant difference
(p=0.003) between the wear patterns of the sampled males and females during both periods,
where males (16.9) tended to have a higher mean macrowear score than females (11.7). In fact,
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Table 8.28 Description of archaeological cultures presented in Figure 8.1
Location

Time Range

Subsistence

Mid Woodland

Central Indiana

2000-1600 BP

Foragers

Angle Site

Northern Kentucky

600 BP

Agriculturalists

Natufian

Israel

15,000-11,700 BP

Grain Eating
Foragers

Tell Dothan

Israel

5330-2500 BP

Agriculturalists

Mebrak

Nepal

2000 BP

Agriculturalists

Greece

Greece

1900-1200 BP

Agriculturalists

Neolithic

Israel

9400-8100 BP

Agriculturalists

EBA

England

4500-3500 BP

Agriculturalists

LBA

England

3000-2700 BP

Agriculturalists

IA

England

2700-2000BP

Agriculturalists

Mongol BA/IA

Mongolia

3200-2300BP

Pastoralists

Mongol Xiongnu

Mongolia

2500-1800 BP

Pastoralists

the macrowear values of men and women during the Late Bronze-Early Iron Age were more
similar to their Xiongnu counterparts than to each other in the same time period. The
parsimonious explanation for this finding is one regarding the sexual division of labor and
meaningful spaces delineated by gender. Data analysis proposes that males during both time
periods were consuming a type of food that was more abrasive than females, and thus causing
the slightly higher rates of macrowear. It is important to note that even though ANOVA tests
determined that men and women showed different rates of wear, the means macrowear scores for
the sample were still extremely low. In other words, even though males experienced increased
rates of tooth wear than women, both sexes consumed soft foods. Other researchers have found
that males and females can exhibit different rates of macrowear (Molnar 1971, Molnar 1972).
For example, Molnar (1972) found that female prehistoric hunter and gatherers from California
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had greater amounts of macrowear than males. Molnar attributed these differences to gendered
divisions of labor and women were consuming more fibrous foods than men, thus causing more
wear.

8.3

Relationship between Microwear and Macrowear

This study adds to the results of previous research that have merged from microwear and
macrowear data. For example, Schmidt (2010) demonstrated a positive relationship between the
width of microwear scratches and dental macrowear. This dissertation research has established a
correlation between the macrowear rates and the DMTA variables from two different time
periods. Both patterns are indicative of a diet that produced slight amounts of macrowear and
small Asfc and Tfv values. These data are consistent with the large amounts of meat and dairy
consumption described in ethnohistoric texts (Watson 1993) and modern ethnographic accounts
of Mongolian mobile pastoralists (Fijn 2012). It is also consistent with previous microwear
studies that argue meat reliant diets produce little to no microwear on dental tissues since meat
proteins are incredibly soft (Teaford and Runestad 1992; Organ et al. 2005; El-Zaatari 2008;
Schmidt et al. 2016).

8.4

The Role of Agricultural Goods in the Formation of the Xiongnu Polity

The purpose of this dissertation research was not to question whether, strictly speaking,
the Xiongnu consumed agricultural goods. Both archaeological and textual evidence suggest that
this was, in fact, the case. Rather the focus of this research was to examine if and to what degree
the Xiongnu were consuming agricultural foods during their rise to power. The dental
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pathological, macrowear, and DMTA data presented in this dissertation suggest that
consumption patterns did not change between the Late Bronze-Early Iron Age and Xiongnu
period. According to this evidence, the increased consumption of agricultural goods did not
coincide with the rise of the Xiongnu.
While it is important to consider the use of agricultural products, other factors must be
taken into consideration. For example, could foods have played a socioeconomic function, rather
than a dietary role, in the rise of the Xiongnu? The subject of trade has been discussed several
times throughout this dissertation. Therefore, I address whether agricultural goods and other
items produced by the Chinese state, were exchanged and used as an economical source of
power. Excavations of elite Xiongnu burials at Noyon Uul have yielded artifacts (e.g., glass,
beads, and textiles) from the Bactrian region of Central Eurasia (Davydova 1995). Therefore,
there is a possibility that the Xiongnu imported Chinese goods through peace agreements and
then they exported them great distances for economic gain, rather than for localized economic
and consumptive purposes. In turn, the economic benefits from exporting Chinese produced
goods were used to fuel the growth of the Xiongnu polity. In other words, the Xiongnu
potentially acted as “middle men” along trade routes like the Silk Road, reselling agricultural
foods and other goods produced by sedentary communities for their economic gain. Therefore,
while the data presented in this research indicates that the consumption of agricultural products
did not significantly differ between the Late Bronze-Early Iron Age and Xiongnu period, it does
not mean that food did not play an important sociopolitical role in the development of mobile
pastoralist polities in eastern Eurasia.
I have also taken into consideration the proximity of the Xiongnu to the Chinese
borderlands. For this research, I only had access to samples excavated in Mongolia beginning in

148
the early 20th century and extending to the present. However, the known boundaries of the
Xiongnu polity did extend beyond the modern borders of Mongolia and into the Inner Mongolia
region of northern China (Atwood 2004, Miller 2015, Brosseder 2016). This dissertation
research divided the study sample into three areas (the northern forested region, the western
mountainous region, and the steppe region of central and southern Mongolia) to see if the origins
of the skeletal samples would affect my initial results. In all cases, region did not have an effect
on the rates of dental pathological conditions, macrowear, or DMTA variables between the Late
Bronze-Early Iron Age and Xiongnu period. However, this research was not able to study the
dental pathological indicators and DMTA data from Xiongnu communities in China. It is
possible that Xiongnu populations closer to Chinese sources power and influence may have been
more susceptible to the influences of agricultural goods.

8.5

Addressing Mobile Pastoralist Complexity

Overtly the subject matter of this dissertation focuses on the dietary patterns of mobile
pastoralists during the Late Bronze-Early Iron Age and Xiongnu periods of Mongolian history
and the role foodways play in polity formation. However, at the heart of this matter is the need to
address a problem that has long plagued the study of mobile pastoral populations. For many
years, these mobile pastoralists have been oversimplified and categorically generalized through
comparisons to sedentary cultures. In other words, some academics have viewed mobile
pastoralists as the static and peripheral outliers to their complex, sedentary neighbors. This
viewpoint may be the result of their supposedly “invisibility” or difficult to detect nature in the
archaeological record (Cribb 1991; Wendrick and Barnard 2008). However, as Lindsay and
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Greene (2013: 691) state archaeologists are beginning to “overcome some of the theoretical and
methodological challenges hindering their [mobile pastoralists] archaeological study.” This study
has attempted to address these generalizations not through settlement patterns, burial goods, or
monumental architecture, but through biological data. The results of this dissertation plainly
show the anthropological community still has a lot of work left to do when it comes to the
subject of pastoral societies.
The DMTA, macrowear, and dental pathological conditions data paint a picture that the
foodways of Mongolian populations during the Late Bronze–Early Iron Age and Xiongnu period
are not as clear cut as previously thought. The data do support the notion that diet of these
populations was very soft and non-cariogenic, and are therefore consistent with a pastoralist
economy. However, DMTA data also imply that some type of abrasive food was being
consumed since aniosotropy values of sampled Late Bronze-Early Iron Age and Xiongnu
individuals are consistent with agriculturalists. Even though other DMTA variables indicate the
diet of the prehistoric Mongolian individuals is also consistent with meat consumption, there
appear to be other forms of food being consumed. The sources of these additional foods are still
debatable (i.e., Chinese origin or locally sourced), but recent findings by Machicek and
colleagues (2012) point to the consumption of local resources obtained from hunting, fishing,
and foraging as a means of dietary supplementation. These data provide a encouraging insight
into the dietary choices and consumption patterns of mobile pastoralists and tell a story that is
very different from the generalized accounts of a diet strictly consisting of meat and dairy.
Rather, their diet seems to be very complex, focused, and consisting of food not traditionally
associated with a pastoralist economy.
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Complexity also extends into other facets of mobile pastoralist culture. The macrowear
comparisons of males and females during the Late Bronze-Early Iron Age and Xiongnu Period
showed that there was a significant different between the two biological sexes. Rather than
falling into the simple assumption that all members of a pastoralist community are consuming
the same types of food, this result indicates that there might be a complex interaction between
food consumption/access and sex. This study found that Late Bronze-Early Iron Age and
Xiongnu males had a higher macrowear score than their female counterparts. This result provides
an insight into the gender dynamic of mobile pastoralists. Males could have had access to a
different type of food, more abrasive food source, thus causing greater amounts of macrowear.
What is evident is that the consumption patterns of Late Bronze-Early Iron Age and Xiongnu
males and females were slightly different. We cannot only say that all members of these societies
adhered to a strict, regimented diet. Instead, these data indicate an intricate relationship between
food and gender and not a widespread, all-encompassing phenomenon practiced by all people.
Researchers such as Barfield (1989; 2001) have assumed that the marginalized
environment and little productive yield of pastoralism would be unable to sustain a polity as
large as the Xiongnu. Only through a complicated relationship with sedentary communities
would a mobile polity be able to survive and flourish. In this way, mobile pastoralists were able
to access agricultural goods and other products they were not able to produce on their own. The
results I have presented throughout this dissertation portray a different view of nomadic
complexity. Instead of assuming that all mobile populations living in the Mongolian steppe were
a generalized population living a similar lifestyle and consuming a homogeneous diet, this
research indicates that mobile populations are politically, culturally, and economically complex.
In fact, the DMTA, macrowear and dental pathological data all suggest that agricultural goods
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played little, if any, role in the diet of both Late Bronze-Early Iron Age and Xiongnu
communities. If pastoralists do require outside sources of food for consumptive purposes than the
data presented here, do not uphold this assertion. Since I did not observe any changes between
the Late Bronze-Early Iron Age and Xiongnu period, this would indicate that the preexisting
pastoral economies were sufficiently productive to ensure the emergence and longevity of mobile
polity the size of the Xiongnu.

8.6

8.6.1

Conclusions

Hypotheses
Throughout the course of this dissertation, I have outlined and tested two hypotheses

concerning foodways and their importance to the Xiongnu polity. My first hypothesis is in line
with dependency theorists and assumes the consumption of agricultural foods was a central
component of the Xiongnu’s diet and were only accessed through necessitated social contact
with sedentary, agriculturalists in China. Conversely, my second hypothesis posits that the
pastoral economies of the Xiongnu were sufficient enough to sustain a polity the size of the
Xiongnu and therefore social contact with China was not about food. According to this
hypothesis, agricultural foods should play little if any role in the development of the Xiongnu
polity.
I tested both hypotheses using several forms of biological evidence, and the findings
were outlined in chapters five (microwear), six (macrowear), and seven (dental pathology) of this
dissertation. In every chapter, the data supported the hypothesis that agricultural foods played
little to no role in the diet of either the Late Bronze-Early Iron Age and Xiongnu populations.
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The data also revealed that the types of foods consumed by the sampled individuals used for this
research were soft and not cariogenic in any meaningful way (i.e., consistent with the types of
foods tyically seen in a pastoral diet). If agricultural foods did have an impact on the Xiongnu
lifeway (a theme eluded to in historical texts and possited by dependency theory), the data should
have shown disconinuty between the the Late Bronze-Early Iron Age and Xiongnu samples
because the Xiongnu were would have been introducing larger quantities of things like ceral
grains into their diet. Since this is not the case, however, the data reject the first hypothesis.
Finally, I should note that some of the DMTA data (anisotropy) do indicate that a small degree of
fibrious (i.e., plant) materials was leaving traces of microwear on the samples from both time
periods. While the contribution of these fibrous materials was small, at least when compared to
populations of known foragers and agriculturalists (see Table and Figure 8.1), this information
indicates the the diet of the Xiongnu and Late Bronze-Early Iron Age peoples were not
completely devoid of any plant materials.
8.6.2

Implications for Mobile/Sedentary Interactions and Polity Formation
When the above data are compared to the two hypotheses outlined in this dissertation, it

is evident the polity formation is not reliant on outside food sources. Since the macrowear,
DMTA, and dental pathological condition data all suggest that subsistence patterns of the Late
Bronze-Early Iron Age and Xiongnu samples remained static through time it seems probable that
there was not a shift in the type of food consumed from one time period to the next. If the
Xiongnu were dependent on agricultural foods to support their growing polity and overcome any
deficiencies of a pastoralist economy, then I would expect to see a substantial change in at least
one form of dietary reconstruction data (i.e., an increase in AMTL and carious lesions, greater
amounts of macrowear, or significant differences in DMTA variables). However, the data for this
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research does not support any of these trends and suggest that there was dietary continuity, rather
than distinction, linking the Late Bronze-Early Iron Age and Xiongnu periods.
My research has specifically addressed the controversial theory that agricultural goods
were essential to the growth of the Xiongnu. Many theories (Khazonov 1987, Barfield 1993,
Kradin 2002) argue that pastoral production alone could not maintain an extended polity. My
data do not support this assertion. Therefore, I suggest that the data presented in this dissertation
supports the growing body of anthropological literature that contends mobile pastoral
populations are more politically, socially, and economically complex than dependency theory
has suggested. Finally, I assert that my data support two conclusions. First, the dietary patterns
remained constant between the Late Bronze-Early Iron Age and Xiongnu period, and these
patterns are consistent with a diet based on the consumption of pastorally produced food goods
(e.g., meat and dairy consumption and occasionally supplemented with fibrous foods), not
agriculturally produced foods. Second, the emergence of the Xiongnu polity was not contingent
on the consumption of agriculturally produced goods. Certainly, there is evidence to suggest that
agricultural foods and other commodities did find their way from China to the Mongolian steppe
and into mobile pastoralists communities (Barfield 1993, Barfield 2001, Honeychurch and
Amartuvshin 2006). However, I argue that the data presented in this dissertation indicate little
inclusion of agricultural goods suggesting that these commodities played little to no role social or
economic role in the emergence of the Xiongnu.

8.6.3

Future Research
The promising results of this study have given rise to several different avenues I wish to

pursue to gain further perspective about the about the diet of Inner and Eastern Asian populations
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and mobile pastoralists in general. First, I would like to increase my total sample size by not only
expanding the number of Late Bronze-Early Iron Age and Xiongnu individuals, but I would also
like to add a sample of known Chinese agriculturalists from the same time periods. Adding these
samples would not only help to explore further the pattern of biological features observed over
the course of research but also add an interesting contrast to investigate the similarities and
differences noted between the two types of subsistence patterns outlined in this dissertation.
Second, the use of isotopic data would add an exciting dimension to the dietary data that I have
collected thus far. While Machicek (2010) explored the use of strontium and oxygen isotope data
on Bronze and Iron Age samples from Mongolia, studies such as this remain rare and do not
include dietary data such as DMTA. Using carbon and nitrogen isotope data in conjunction with
DMTA could create the potential for a very comprehensive study focusing on the types of plants
and other foods consumed by Bronze and Iron Age populations. Finally, I would expand my data
set to other eras of Mongolian history, in particular, the Mongol period (13th-14th centuries AD)
since there is increased sedentism, expansion into geographic areas outside of the Mongolian
steppe, and possible changes to dietary patterns during the Yuan Dynasty.
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Finnegan, eds. CC Thomas Publishing Ltd.

2005

Beach, J.J. Determination of ante-, peri-, and post-mortem fractures in anterior
human dentition, The Connective Tissue: The Official Journal of the Mountain,
Desert, and Coastal Forensic Anthropologists, 21 (3), 4.

Beach, J.J. Master’s of science degree in forensic and biological anthropology
offered at Mercyhurst College, The Connective Tissue: The Official Journal of
the Mountain, Desert, and Coastal Forensic Anthropologists, 21 (3), 4.

Professional Presentations

2015

Beach, JJ and KB Lowry. An Archaeological Investigation of Gender on the Late
Prehistoric Steppe, paper presented at the 80th annual meeting of the Society for
American Archaeology, San Francisco, CA.
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2013

Beach, JJ and CW Schmidt. Food Ways and Polity Formation: A
Bioarchaeological Analysis of the Xiongnu Using Dental Microwear Texture
Analysis and Dental Pathological Conditions, paper presented at the 82nd annual
meeting of the American Association of Physical Anthropologists, Knoxville, TN.

2012

Beach, JJ. The Diet of Bronze and Iron Age Nomadic Pastoralists from Eastern
Eurasia, poster presented at the 82nd annual meeting of the American Association
of Physical Anthropologists, Portland, OR.

Beach, JJ. Shifting Foodways? Assessing the Dietary Patterns of Bronze/Iron Age
Nomadic Pastoralists from Mongolia, paper presented at the Eurasian
Archaeology Conference, Ithaca, NY.

2011

Beach, JJ. Dietary Reconstruction of Late Bronze/Early Iron Age and Xiongnu
Period Remains, paper presented at the 31st annual meeting of the Mountain,
Desert, and Coastal Forensic Anthropologists, Boulder City, NV.

2010

Beach, JJ. Bioarchaeology of Mongolia, paper presented at the 30th annual
meeting of the Mountain, Desert, and Coastal Forensic Anthropologists, Boulder
City, NV.

2007

Beach, JJ, Machicek, ML, Nelson, AR. Health and Lifestyles of Nomadic
Pastoralists from Mongolia, poster presented at the 78th annual meeting of the
American Association of Physical Anthropologists, Chicago, IL.

2008

Beach, JJ, Koehl, AJ. Forensic Dental Anthropology, paper presented at the 29th
annual meeting of the Mountain, Desert, and Coastal Forensic Anthropologists,
Boulder City, NV.
Koehl, AJ, Beach, JJ, Latham, KE, Nawrocki, SP. Excavation and Analysis of a
Historic Cemetery Population from Indianapolis, Indiana, poster presented at the
78th annual meeting of the American Association of Physical Anthropologists,
Chicago, IL.

186

Koehl, AJ, Nawrocki, SP, Latham, KE, Beach, JJ. Validation of Presumptive
Identities at the Wright-Whitesell-Gentry Cemetery Through Development of
Biological Profiles, paper presented at the annual Midwest Archaeological
Conference, Milwaukee, WI.

Beach, JJ, Koehl, AJ. Reality Bites: The Holistic Application of Teeth in
Anthropology, paper presented at the 28th annual meeting of the Mountain, Desert,
and Coastal Forensic Anthropologists, Boulder City, NV.

Beach, JJ, Machicek, ML. Positive and Negative Compensatory Effects of
Bilateral Femoral Dislocation, poster presented at the 77th annual meeting of the
American Association of Physical Anthropologists, Columbus, OH.

Guest Lectures
2012

Dental Microwear Texture Analysis (DMTA) and Mongolian Bioarchaeology
presented to Dr. Michele Buzon’s Human Osteology class (ANTH 592), Purdue
University, West Lafayette, IN.

2011

The Northern Bayankhongor Project: Summer Survey 2011 presented to the
Department of Biology, University of Indianapolis, Indianapolis, IN.

Bioarchaeology of Mongolian Mortuary Practices. Presented to Dr. Michele
Buzon’s Mortuary Practices class, Purdue University, West Lafayette, IN.

2009

Forensic Anthropology. Presented to Dr. Michele Buzon’s Introduction to Human
Evolution class, Purdue University, West Lafayette, IN.

2007

Summer 2006 Excavations at Baga Gazarn Chuluu, Mongolia presented to the
Department of Biology, University of Indianapolis, Indianapolis, IN.
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Honors, Awards, and Scholarships
2005

Recipient of the Alice Brues Student Research Award. Mountain, Desert, and
Coastal Forensic Anthropologists.

2003

Recipient of Vice Presidents Award for Student Affairs. Franklin Pierce
University.

2002

Recipient of the Howard Sargent Memorial Scholarship. Franklin Pierce
University.

Internships
2003
2001

Smithsonian Institution, Repatriation Office (Supervisor: Dr. Stephen Ousley)
New Jersey State Police, Criminal Investigation Bureau (Supervisor: Donna
Fontana).

Case Work & Field Experience
2015

Northern Bayankhogor Project (Mongolia)

2011

Archaeological survey of Western Mongolia
•

2006-2008

In collaboration with the University of Chicago and the National
University of Mongolia
Medieval and Bronze Age burial excavations in Baga Gazaryn Chuluu, Mongolia.

Professional Memberships
Society for American Archaeology
American Center for Mongolian Studies
The Mongolian Society
American Association of Physical Anthropologists
Dental Anthropology Association

